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Waves which require medium for propagation are 


A. electromagnetic B. mechanical 

C. transverse D. langitudinal 
vill, Which of the following characteristics of a wave is independent of the others? 

OA speed B. frequency 

C. Amplitude D. wavelength 
ix. Therelation between v, f and dof a wave is 

A vf=a . B ‘faz 

GC vA=f- D. . vaa/f 
x.  Ahuman eardrum can oscillate back and forth In one second up to: 

A. 200 times B. 2000 times 

C. 20times : D. 20,000 times 
xi. The maximum displacement of a vibrating body in one second is called. 

A. frequency B. Ampiflude 

C. vibration D. Displacement 
xil. When water waves enter the region of shallow water their wavelength? 

A increasts "8. - Rémains same 

C. Decreases D. Not effected 


Time ABjewed: 2:40 Minutes ‘Total Marks: 6S - 
Note; Answer any six parts from Section ‘8’ and attempt any five parte from Section-C. Attempt eny two ~ 
questions from Section ‘D’ on the separately provided anawer book. Use supplementary anewer sheet i.e. 
Sheat-5 if required. Write your answers neatly and legl 


Qu Attempt any SIX parts from the folowing. AH parts carry equal marks, (6x3 = 18) 
What Is simple harmonic motion? What are the necessary conditions for a body to execute 
simple harmonk: motion? 

fi. EF 100 waves pass through a point of a meiium in 20 seconds, what is the frequency and 
the time period of the wave? If its wavelength ts 6 am, calculate the wave spead. 

ti, How can you define the term wave? Elaborate the difference between: mechanical and 

netic waves? Give examples of each, . 

iv, Find the time pariods of a simple pendulum of 1 metre length, placed on Earth and on 
moon, The value of g on the surface of moon is 1/6" of its value on Earth. Where g, Is 10 
ns”, 

¥. Draw a transverse wave with an amplitude of 2 cm and a wavelength of 4 cm. Label a crest 
and trough on the wave. 

vi. Derive a relationship between spead, frequency and wavelength of a wave. Write a 
formuia relating speed of a wave to its time period and wavelength. 

vi, Waves are the means of energy transfer without trenefer of matter. Justify this statement 
with the help of a simple experiment. 

vill, The time period of a simple pendulum 1s 28. What will be its length on Eacth? What will be 
its length on the moon If g., =g , /6? Where g, = 10ms, 


Q.3 Attempt any FIVE parts from the following. All parts carry equal marks. (5 x3=15) 
i. Does increasing the frequency of a wave also Increase ts wavelength? If not, how are 
these quantities related? 


i, If the length of a simple pendufum is doubled what will be the change in Its time period? 
ui. Be Spree ree Cres ere, ee En nenl ane Pears cee Is the motion of 
the ball simple harmonic? Explain. 
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A student performed two experiments with a simple pendulum, He/She used two bobs of 
different masses by keeping other parameters constant. To his/her astonishment the time 
period of the pendulum did not change! Why? 


¥. What types of waves do not require any material medium for their propagation? 
vi. ‘Find the time period and frequency of a simple pendulum 1.0 m long at a location where g 


= 10.0 ms”, 
vii, A wave moves on a slinky with frequency of 4 Hz and wavelength of 0.4 m. What is the 
speed of the wave? 
SECTION ~ D (Marks 20) 
Note: Attempt any TWO questions, All questions carry equal marks. {2x 10 = 20) 


Q4 a. Distinguish between longitudinal and transverse waves with suitable exampies. 
b. A Simple pendulum completes ona vibration in two seconds, Calculate its length 
when g = 10.0 ms”, 

Q5. a. Show that the motion of a mass attached to the end of a spring is simple harmonk: 
mation (SHM). . 
6. What is the wavelength of the radio waves transmitted by an FM station at 90 MHz? 
Where 1M = 10°, and speed of radio wave is 3x10* ms 

Q6. & What is simple pendulum? Illustrate diagrammatically the forces acting on the bob 

. of a simple pendulum. Prove that the component of the weight responsible for the 
- vibration of the pendulum is atways directed towards the equilibrium position? 
OR 


Prove that vibratory motion of simple pendulum Is SHM? ; 
b. =A pendulum of length 0.99 m is taken to the moon by an astronaut, The period of - 
the pendulum is 4.9 s, What Is the value of g on the surface of the moon? 


CO rer 


j| Solution of Guess Paper & Model Paper #1 | 
| ( Reduced Svilabus ) 


| -B{M 1 
Q.2 Attempt any SIX parts from the following. Alt parts carry equal marks. (6x3= 18) 
i, What is simple harmonic motion? What ane the necessary conditions for a body to execute 


simple harmoalc motion? 

Ans: Simple harmonic motion (SHM):: 

Simple harmonic motion {SHM) 6 a to-and.tro oscillatory motion in which acceleration of the body is 
directly proportional to the displacement of the body from the mean position and is always directed towards the 
mean position. acceleration «x — displacement 

ax -x 

Negative sign indicates that acceleration and displacement are opposite in direction. 
Gasic conditions to execute simpie harmonic motion (SHM): 

Basic conditions to execute simple harmonic motion are as under: 

_ (i) There must be an elastic restoring force acting on the system. 
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(iii) The acceleration of the system should be directly proportional to its displacement and is always 
directed to mean positionie. a « —x 

ii. If 100 waves pass through a point of a medium !n 20 seconds, what is the frequency and 
the time period of the wave? If its wavelength fs 6 om, calculate the wave speed. 


Solution: Number of waves passed = 100 waves . Time taken = 20sec ; Frequency =? 
6 
Wavelengih 2 = 6 cm = so = 0.6 cm . Wave speed v=? 


wamaber of waves passed _ 100 


ey time taken o hz 
Now T=1f/f =1/5=0.2 sec. 
Now vzfZ =§@x(0.6) =O3ms$ . 
iil. How can you défine term waver the differance betwign mechanical and 
Ans: Wave: ae 7 


A wave is a disturbance in tha medium which causes the particles of the medium fo undergo vibratory 
motion about their mean position in equal intervals of time, 
Categories of waves: There ave two categories of waves: J, Mechanical waves. ti, Electromagnetic waves. 
is Mechanical waves: 

Waves which require any tect for thei propagation ate called mechanical | waves, 


Examples of mechanical Waive * * om Path 
Examples of mechanicdARVe te wat waves’ sound wives ‘and waves retin 
Springs. 


ii, Electromagnetic Waves! : 

Which do nol require any medium for their propagatio’ are called electromagnetic waves, 

Examples of electromagnetic waves: 

Radio waves, television waves, X-rays, heat and light waves are some examples of electromagnetic 
Waves, 

iv. Pind the time periods 6¢ é-simple pendulum of 1 metre length, placed om Earth aad on 
moon. The value of g 99.the surtace of moon is 1/6 of its value on Earth, Where g, is 
10ms”. 

Solution: . Length L = 4m « 

g, = 10ms~* 
10 = 
Gm =F === 1.67 ms? 


« 


2" Ce ae 
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: ‘ ~ MI. 
| L “ti *hee 
Tie period of a simple pendulum is T= an | otealil (Ride 5 Fn 


Time period on Earth: T= an 
s 4 


S 1 
T, = 2" fd 


T, = 2 x (3,14) x (0.316) 


: Cr rh 


T, = 1.985 sec og Mapes) aie 
td _ i . : . 


Preparcd|by-ssajidiumkehmanmgsubject.Guess|bapersy(Physicsal Oth) gaa www.office.com.pk 
Email:¥sajid@otficevconmpk COnAGs $62 345 Sataga fb.com/office.com.p 


Unit #10) 


i —— ee ee ay . 
Simple Harmonic Motion & Waves Bass s cy oe 


L 
Time period on Moon T= an 2 


1 
Ty, = 2 fs 
Ty = 2 X (3.14) x (0.774) 
Tm = 4.9 sec. ie the Time Period on Moon 
vy. Draw a transverse wave with an amplitude of 2 om and a wavelength of 4 cm. Label a crest 
and trough on the wave, 


Trough 
) Where “A" is Amplitude and "2" is wavelength 

Derive a relationship between speed, frequency and wavelength of a wave, Write a 
formula relating speed of a wave to its time period and wavelength. 
Ans: Wave equation: 

The relation between the velocity, frequency and wavelength.of the wave is known as wave equaton. 

The velocity of wave which is defined by Velocity = distance/time 

d 


% 


¢ 
Hf time taken by the wave in moving from one point to another is equal to the time period then the 
distance covered by the wave will be equal to one wavelength, hence we can write (d = 4) ' 


Sh > vedx- avsates {il} 


; | 
But time period T is reciprocat of the frequency f, ie. T = ; >f= 5 


Therefore Equation (i) becomes «ov = fa ...... Gill) 

Eq. (i) is called the wave equation. 

vii, Waves are the means of energy transfer without transfer of matter. ‘Justify this statement 
with the help of a simpie experiment, 

Ans: Waves as Carriers of Energy: Energy can be transferred from one piace to another through waves. 

Activity / Experiment: 

Drop 2 stone into a pond of water. Water waves will be produced on the surface of water and will travei 
outwards. Place a cork at some distance from the falling stone. When waves reach the cork, it wilt move up 
and dewn along with the motion of the water particles by getting energy from the wave. 

Conctusion: 

This activity shows that water waves Jike other waves transfer energy from one place to other without 

transferring matter, i.¢., water. 

. Vii, The time period of a simple pendulum is 2s, What will be its length on Earth? What will be 
its length on the moon if g,, =¢ , /6? Where g, = 10ms”, 


ee) rT:  m.r swe _ a — a ga, 1H Q 4 = —= 
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CL (7 Are ’ oath ks. isnre . 
Tima period of a.simple pendulum is T= an |* mrt )) ee es 


L v 
Squaring and arihana the equation (1) for tength “i” ; T?= 49? ae 


10x(2)? 10x4 10 
——— = =—=1.02m 
4x(3,14)? 4x90 (98 eae 
m= 48 ay 4 ieee ¢ ; yo 
at? _ 167%(2)? _ 167x416? 
Formoon L,, = Tv iii > re = KGIN 008 98 0.17 m.,,, 


—-C(M 
Q.3 Attempt any FIVE parts from the following. All parts carry equal marks. (5x3= 15) 
i Does increasing the Ota sere mee focrenes Ne mpvelenge? eet Soe 
these quantities oT get ag ar 
Ans: No. nceasng te Faquancy of awave decries the walang re oe 
¥ - 
ie eae ae 
Thea two are related by the formula v = fA (velocity = frequency x wavelength). 
il, Eten ee Ree nce eee tener ee tet 


2 
beaten > = 


Ans: Since T = 2m sce 
sectbaes thio scucae Ful ‘s 
T' ri a = Tis dex af: 


= 2 x (2m [) 


Since by using equation (i) aan |i = vat > T= 1147 
If length of simple pendulum is doubled, then its time period increases by factor 1.44 times of initial time 


iii,  Abatt is dropped from a certain height onto the floor and keeps bouncing. Is the motion of - 
the ball simple harmonic? Explain. 

Ans: No, because simple harmonic mation requires restoring force and acceleration be proportional to the 
displacement of the object the bouncing ball has constant force and acceleration regardiass of 
displacement. ie 


tv. A Student performed two experiments with a simple pendulum. He/She used-two bots of . 
different masses by keeping cther parameters constant, To his/her astonishment the time 
period of the pendulum did not change! Why? 

Ans: There is no effect on time period, because time period of the pendulum is indapendert of theives tt} 


f= am je | . : 7 . ae ot - 
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vi, Find the time period and frequency of a simple pendulum 1.0m long at a location where 
9210.0 ms”. 


Solution: Given, Le 4.0 m, g = 10.0 ms”, Using the formula, T = anf 


2 10 . 
T = an [ae = 1.995, 


And frequency of simpie pendulum is givendby =f © 1/T = 111.99 = 0.50 Hz 


vil, .A wave moves on a silnky with frequency of 4 Hz and wavelength of 0.4 m. What is the 
speed of the wave? , 


Solution:  Giverrthat, f=4Hz , Axddm 
Wave spead v= f A = (dtiz) x (0.4m) 


—¥ 81.6 ms" 
ON — D (Marks 2 
Note: Attempt any TWO questions, All questions carry equal marks. | (2 x 10 = 20) 
Q4.° a. —_— Distinguish between longitudinal and transverse waves with suitable examples. 
Ans: Types of Mechanical Waves: = Mechanical waves may be classified as longitudinal or transverse. 


Longitudinal waves: 
In longitudinal waves the particles of the medium move back and forth along the directiqn of propagation of 
Production of Longitudinal waves: ' 


Longitudinal waves can be produced-on a spring (slinky) placed on a smooth floor or a lang bench. Fix 
one end of the slinky with @ rigid support and hold another end inte your hand. Now give it a regular push and 
pull quickly in the direction of its length. 


Ditectian of wave travel 
we 


Displacament of particles 


Compression —Rarefaction Compression 


Longltudinal wave on a slinky 


A sets of diturbances in the form of waves wit etart moving. along the length of the slinky. Such a 
wave consists of regions called compressions, - ‘ 


Whare the oops of the spring are close together, altemating with regions called rarefactions (expansions), 
where the coils are spaced apart, ; ‘ 

In the regions of compression particles of the medium are closer together while in the regions of 
rarefaction particles of the madium are spaced apart. The compressions and refractions move back and forth 
along the diraction of motion of the wave. Such a wave is cailad loncitudwral wave 


By dsajidjugRehmanggsubjectiGuess|bapers\(Physicsal Oth) ga www.office.com.pk 
Email:¥sajid@otticercom:pk COnAGs $62 345 Satag2 fb.com/office.com.p 


Simple Harmonic Motion’ & Waves Maitre Papers 


Transverse waves: 
In the case of transverse waves, the motion of parties of the medium is perpendicular to the motion of 


wave. 

Production of transverse waves: . s3 
We can produce transverse waves with the help of a sinky..Siretch out a slinky along. a smooth floor or 

a long bench with one end fixed. Grasp the other end of the slinky and move i up and down quickly. A wave it 

the form of akemative creste end troughs wil! stat traveling towards the fixed end. 


Movement of hand 
from side to side 


Transverse wave on a slinky 

Crests and troughs: | 

The crests are the highest points while the troughs are the lowest points of the particles of the medium 
from the mean position. The crests and troughs move perpencicular to the direction of the wave. 

__ Waves on the surface of water and light waves are also transverse waves. ut ahent, 4 

b. A simple pendulum completes one vibration in two seconds. ee 

Calculate its length whet g=10.0me%; =- = - : ; 
‘Solution: ‘Time Period T = 2 sec. oy Be = 10ms~? 


Time Period of a simple pendulum is T= 27% foo wll) 


Squaring and arranging the equation {i} for “L” 
_ get? _ 10x(2)* a4 18 


aw 


eT ant O ax314a? x98 8 


1.0Zm 


Q5 a. — Show that the motion of a mass attached to the end of a spring is simple harmonic 
motion (SHM). : 
Ans: See Q5. (a), Past FBISE Paper (2017), Page # 117. 
b, — Whatis the wavelength of the radio waves transmitted by an FM station at 90 MHz? Where 
1M = 10°, and speed of radio wave [s 3x10* ms? 
. Solution: Frequency f=90WHz=90x10°Hr =; «= Spaed of radio wave v = 3x 10" mest 


_ ee: _ 4x108 i 100 
VE fas Aaa 3 Aer a Aaa oH 3.33 


Q6 a. Prove that vibratory motion of simple pendulum is SHM? 
Ans: Motion of 2 simple pendulum: — 
Simple pendulum: 
A simple pendulum also exhibits SHM. It consists of a smal! bob of mass m suspended from a light 
sting of length L fixed al its upper end. In the equilibrium position O, tive net force on the bob is zero and the 
bob is stationary. . my 
Motion of bob from © ta polst A: ; 
Now if we bring the bob to axtreme position A, the net force is not zero. There is no forca acting alone 
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along this direction. The component of the weight, mg sind is directed towards the mean position and acts as 
a restoring force. Due to this force the bob starts moving towards the mean position 0. 


Forces acting on a displaced pendulum. 
The restoring force that causes the 
pendulum to undergo simple harmonic 
motion is the component of gravitational 
force mg sin 8 tangent to the path of 
motion. 


Motion of bob from O to point B: 

Al O the dob has got the maximum velocity and due to inertia it doas not stop at O rather it continues to 
mova towards the extreme position B, During its motion towards point B, the velocity of the bob decreases due 
to restoring force. Tha velocity of the 0b becomes zero as it reaches the point B. The restoring force mg sind 
stil acts towards the mean position O and due to this force the bob again starts moving towards the mean 
position O, In this way, the bob continues its to and fro motion about the mean position 0, 
Direction of acceleration: 

it follows that the acceleration of the bob is always directed towards the mean position O. Hence the 
motion of a simple pendulum is SHM. 

ac -X 

Time period of simple pendulum: 


We have the following formula for the tine period of simple pendulum: T = 21 i evneedl) 
b. Apendulum of length 0.99 m is taken to the moon by an astronaut. The period of the 
pendulum is 4.9 s. What is the value of g on the surface of the moon? 
Solution: Length L= 0.99m : Time period T = 4.9 sec. 
L . 
Tima period of a simple pendulum is T= 27¢ f ee | 
Squaring and arranging the equatien for “g” we get T* = 4x? = z 


1 gaa = g=4x (8.14)? x = 4x(9.86) x2 


g= 39. 5 X= = 39,5 x 0.042 = = 1.65 ms? 


* 
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| _ IMPOR’ T ANT ‘QUESTIONS & & ANSWER 5 


t 
| 
| 

—— 


Qt. A transverse wave produced on a spring has a frequency of 190 Hz and travels along the 
jength of the spring of 90 mt, in 0.5 s. ; 
(a) | What Is the periodof the wave? =; (b) What is the speed of the wave? 

(c) What is the wavelength of the wave? 


Solution: Frequency f=190Hz Wavelength d =3.em=—- = 0.03m 
| Length ofthespring=t=d=80m ; Timezt<05s 
{a) T=? (b) Speadv=7. (c) Wavelengtha =? | 
_1 ae Ore 
(a) Tes = 0.01 sec. 
(b) veo == 180 il 
: oe v _ 180 _ 
Cw 


Q2. Water waves in a shallow dish are 6.0 cm long. At one point, the water moves up and 
down at a rate of 4.8 oscillations per second. 
zs. What ls the speed of the water waves? 
b, What ls the period of the water? 


Sohition: . Waveleigth A= fem =——- = 0.06m 
No. of cecktation (Frequency) = f = 4.8 Hz 
{a} Speedv=? {b) Period T=? 
T = 1/f =.= 0.21 sec. 
how ¥=fa =4.8 x 0.06 = 0.29 ms“! 


Q3. What Is the displacement of an object In SHM when the kinetic and potential energies are 
equal? 
Ans: isle kinetic and potential energies are equal then the displacement of an object is in SHM will be 


= x A where A is maximum displacement (amplitude) 


Q4. How can you define the term vibration? — . 
Ans: Yibration: 
One complete round trip of a vibrating body about its mean position is called one vibration. | 


Q5. Do mechanical waves pass through vacuum, that is, empty space? 
Ans: Mechanical waves require madium for their propagation. 

Mechanical waves, however, are pressure fluctuations and cannot occur without a material medium to 
transmit them. 

In the vacuum of space, there are no particies to vibrate (material medium is absent), so mechanical 
waves Cannot pass through the vacuum. 
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11.1 Sound Waves 
11.2 Characteristic of sound (Loudness, pitch, quality, intensity, intensity level) 
11.3 Reflection of sound (Echo) ~ 
11.4 Speed of sound (Measuring speed of sound by Echo Method is exchaded) 
11.7 Audible frequency range 
11.8 Ultra sound 

(Tables: 11.4, 11.2 are included) 


>» Ail conceptual questions and side information are excluded. 
> Only topic based related MCQs, Short and Long Questions and numerical are Included. 
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~ GUESS PAPER & MODEL PAPER #2 
ston BASED ON UNIT # 11 (Reduced Syllabus) 


__———_—SSOUND 


—_— E N-A 
Tims allowed: 20 Minutes Marks: 12 
Ligeobae abet ga All parts of this section are to ba answered on the question paper itself, ; 
It should be completed in the first 20 minutes and handed over to the Centre Superintendent. ; 
Deleting ‘overwriting Is not allowed, Do not use lead pencil. 
- Encircle the correct option Le. A/B/C/D, All parts carry equal marks. 
Which Is an example of a longitudinal wave? 
A. sound wave . B light wave 
C. radio wave DO. water wave 
ii, . How does sound travel from en een 


A. by changes in air pressure B. _ by vibrations in wires or strings 
_ ©. by electromagnetic wave DS Oby infrared waves 
lil, Which fornt of energy is sound? . 
- A. electrical B. mechanical 
C. thermal D. —chemicat 
lv. Astronauts in space need to.communicate with each other by radio links becatise 
A. sound waves travel very siowly in space B. sound waves trave! very fast in space 
- ©. sound waves cannot travel in space D. nerer ine reread aren 
¥., The loudness of a sound is most closely retated to ts 
A. frequency 8. — period 
C. wavelength D. = amplitude 


vi. For a normal person, audible frequency range for sound wave lie between: 


4f\ le ana 4h L mm Li ek er .. 
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When the frequency of a sound wave is iricreaged, which of the following will decrease? 


» Wavelength ii, Period iii, Amplitude 
A, ionty | —  B. ionly 
C. ~ jandii only ' D. — iand ii only 
vill, speed of sound in iron at 25 °C is? eae 
A.’ $950 mts*! B. 4700 ms™} 
€. 3980 ms"! Re D. = 531 ms7 
ix, . The intensity of the rustle of leaves |e; 
A. db : _- .&  B. 10.db 
- ©. 100d , D. +» 20db 
“% ’. Speed of sound is solid in comparison to gases is: : 
‘A. fivetimes — ‘ 8. fifteen times 
C. tw times os -D. eight times ; 
xi. ‘At 1 atm pressure and 21 °C (room temperature) the speed of sound in air Is; 
A M3 ms7! B. 340ms? 
CG.  341ms2 7 — 0. 345 mst 
xi, The sensation of sound persists in our brain for about 
“A 0.0018 B 86028 
Cc. - O18. . D 610s - 
Tises Allowed: 3:40 Montes Total Marks: 53 
Note: Answer any six parts from Section ‘6' and stiempt any five parts from Gaction-G, Attempt any two 
gueetions {rom Saction-‘0' esti seperately presiied snewer book. Ue supplemeapeysineion sheet Le. 
IMs - ts (2: ieee Ms ieee ire FOX 2° 8 UO 
— - © SBSTION ~B (Marks 18) © * 


Q.2- Atternt any SIX parts from the following. All parts carry equal marks. (6 x 3 = 18) 
» _- What is the necessary condition for the production of sound? Set! 

li, | What is the effect of the madium on the speed of sound? In which medium sound travels 
more faster: air, sotid or liquid? Justify your answer, 

IH. How can you prove the machanical nature of sound by. a simple experiment? 

lv. Sound is a form of wave. List at feast three reasons to support the idea that-sound is a 
wave, 

v. We know that waves manifest phenomenon of reflection, diffraction and refraction. Does 
sound also manifest these characteristics? 

vi. Calculate the intensity levels of the (a) faintest audible sound (b) rustling of leaves. 

vil, What do you mean by the term intensity level of the sound? Name and define the unit of 
intensity level of sound. | 

vill. What are the units of loudness? Why do we use logarithmic scale te describe the range of 

____ the sound intensities we hear? 
Q.3 Attempt any FIVE parts from the following. All parts carry equal marks, (§ x3 = 15) 
i Describe the effect of change in amplitude on loudness and the effect of change in 


frequency on pitch of sound. : 
il, Tf the pitch of sound is increased, what are the changes In the following? . 
a. the frequency b. = the wavelength 


C. the wave velocity d. the amplitude of the wave = ae 
ill, -Ifwe clap or speak ln front of a building while standing at a particular distance, we rehear 
. Our sound after sometine, Can we explain how does this happen? 
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A normal conversation involves sound Intensities of about 3.0 x10* Wm", What is the 
decibel level for this Intensity? What is the intensity of the sound for 100 d8? 
vi. Ata particular temperature, the speed of sound in air is 330 ms”. If the wavelength of a 

note Is 5 cm, calculate the frequency of the sound wave, Is this frequency fies in the 


audible range of the human ear? 
vii. - What are the uses of ultrasound in medicine? 
-D(M 2 
Note: Attempt any TWO questions. All questions carry equal marks. (2x10= 20). , 
Q4 a  Whatdo you understand by the longitudinal wave? Describe the longitudinal nature - 
of sound waves. 
b. If at Anarkall bazar Lahore, the sound level Is 80 dB, what will be the intensity level of 
sound there? : 


Q5 4. On what factors does the loudness of sound depend? — 

o. A marine survey ship sends a sound wave straight to the sea bed. It receives an echo 1.5 $ 
later. The speed of sound in sea water is 1500 ms". Find the depth of the sea at this position. 

G6 a How speed of sound varies with different mediums give relation to find the speed of 
sound. How can you find the speed of sound by echo method? What factors can affect the 
accuracy of this method? = - 
b. A doctor counts 72 heartbeats in 1 min. Calculate the frequency and period of 
heartbeats. 


( Reduce 


e] Paper # 2 


Q.2 Attempt any SIX parts from the following. All parts carry equal marks. {6x 3 = 18) 

4, What is the necessary condition for the production of sound? 

Ans: The necessary condition for the production of sound is vibration of a body. 

I What ts the effect of the medium on the speed of sound? In which medium sound travels 
more faster: air, sotkl or liquid? Justify your answer. 

Ans: Effect of the medium: . 

; Sound travels faster in those mediums that are more denne (perticies are closer to each other, and can . 
transmit their anergy fo the other particles more easity. Therefore sound travels faster in solids, than iquids, 
and then ai, . 

The speed of sound depends on fwo factors: efasticty and density. The more élastic a medium, the 
greater the speed. The more dense the mediom the slower the apeed of sound, For example steel is 6000 
times more dense than air but 2,000,000 times more elastic than air, 0 sound travels 16 times faster in steel 
than in air, : 
Example: In steel sound's velocity is about 5000 mis, in water 1400 m/s and in air 344 mvs. 

ili, How can you prove the mechanical nature of sound by 8 simple 
ane: hharhanical nature of sound: : 
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Teac alike eicin alte wake Wale bonnie Once air is removed from the jar, ‘the: 
shu ot toe ting Gol cae lrgar bs ber The clapper ia seen striking the bei; but the eound that it 
produces cannot be heard because there are no particles inside of the jar to transport the disturbance through 
the vacuum. Sound is a mechanical wave and cannot travel through @ vacuum. 
lv. Sound is a form of wave, List at least three reasons to support the kiea that sound Is & 

wave. 
Ans; i. Sound wave carries energy lice other waves therefore sound is the form of wave. 

ii, Sound wave obeys the property of reflection refraction; diffraction {ike other waves therefore 

sound is the form of wave. 
lit. Baie ware goers Fa opary ot imme SS See eee 


¥. We know that waves manifest phenomenon of reflection, diffraction and refraction. Does 
sound also manifest these characteristics? 
Ans: Like any wave, @ sound weve doesn't just stop when it reaches the end of the medium or when i 
encounters an obstacia in its path. Rather, a sound wave will undergo certain behaviors when « encounters the 
end of the medium or an obstacle. Possible behaviors include reflection off the obstacle, diffraction around the 
cbstacte, and transmission (accompanied by refraction) into the obstacle or new medium, 
Therefore sound waves man#est phenomenon of reflection, diffraction and refraction. 
vi,  Calcuiate the intensity levels of the (a) faintest audible sound (b) rustling of leaves. 
Solution: 
(a) ant level of falntest audible sound can be calculated by substituting I I=L e107 win" In 
Eq. (11.6). 
Tharaore, Intensity level of faintest aude sound » 10 log += 10 tog ” * 0dB 


(b) Aa the iniansity of the rustie of leaves is T= 10" Win?, Therefore, 
intensity level due to rustling of leaves = 40 logi0 40% » 10 log 10=40d8 
vii. wat do you mean bythe ar Indy lvl ofthe sound? Name and define the unt of 
intensity level of sound, 
Ans: Sound Intensity Level/ Acoustic Intensity Level: 
Sound intensity level or acoustic intensity levet is a \ogerifnic measure of the sound intensity, in 
comparison to a reference level. 
The loudness (ofa sour drectly proportional othe fogarthm of intensity ie 
LX log f : 
4 {i 
“Where K is a constant of proportionality. Let L, be the loudness of the faintest audible sound of 
intensity [, and L be the ioudness of an unknown sound of intensity I, then by Eq. {i}, we can write 


Lye K10G ly sin al} | 
level: 


This diference, (L - L,), between the loudness L of an unknown sound and the loudness Lois calied the 
eee ee Therefore, the intensity level of an unknown sound is given by 


alee oe {itl 
Sound level = logy (Del) cones (l¥) 


Sound level = 10 og —- (48) Seas tv) 


Unit: The SI unit of intensity level or sound level is bel. 
Mnte: hel ic a very lame uni of intenady level of a sound. Generally. a small unit called decibel (dB) is used. 1 


+ 
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Decibel: —_A logarithmicat unit which measures the intensity or level of a signal. 
Decibal scale is a logarithmic scaje which is based on the multiple of 10. A Decibel is equal to tha ratio - 
of physical quantities with respect to a reference level, 
vill. What are the units of ioudness? Why do we use logarithmic scale to describe the range of 
the sound Intensities we hear? 


Ans:. Bel, Sone Phon. Decibel, 

Because the ear responds to sound pressure logarithmically, using a logarithmic scale corresponds to 
the way humans. perceive loudness. Audio meters and sound measurement equipment are specifically 
Gesigned to show audio levels in decibels. That is why we use logarithmic scale to describe the range of 
the sound intensities we hear” a. 

. SECTION - C (Marks 15) 

Q.3° Attempt any FIVE parts from the following, Ali parts carry equal marks, (5x 3 = 15) 
i, Describe the effect of change in amplitude on loudness and the effect of change in 

frequency on pitch of sound, ‘ . 
Ans: Effect of change in amplitude on loudness: 

The loukiness of the sound varies directly with the amplitude ‘of the vibrating body. The sound producad 
by a sitar will be loud if we pluck its wires more violently. Similarly, when we beat a drum forcefully, the 
amplitude of its membrane increases and we hear a loud sound, 

Loudness x Amplitude of the vibrating body 
Effect of change in frequency on pitch of sound: : 
' Pitch depends upon the frequency. A higher pitch means a higher frequency and vice versa, 
Pitch « Frequency . 
li, . If the pitch of sound Is incrdased, what are the changes in the following? 
a. the frequency b. = the wavelength , 
G: thewavevelocity ~ d,s the amplitude of the wave 


Ans; a. The frequency: . ; 
if the pitch of the sound is increased its frequency is also increased. Pitch « Frequency 


b. The wavelength: 
If the pitch of the sound is increased its wavelength is decreased, Pitch o 


c The wave velocity: - . 

if the pitch of the sound is increased its wave velocity v is increased. Pitch « Velocity ° 
d. The amplitude of the wave: 

If the pitch of the sound is increased the amplitude of the wave does not change because pitch of the 

sound does not depsnd on the amplitudes. : 

‘lil, If we clap or speak in front of a building while standing at a particular distance, we rehear 
our sound after sometime, Can we explain how does this happen? 
Ans: This is due to echo of sound. An echo {plural echoes) is a reflection of sound, arriving at the listener 

$omé time after the direct sound. . 

Explanation: , = oe 

Sound is a waveform made from vibrating matter. The sound wave travels through matter—especially 
ai—in a straight line. When the wave hits a different material, some of it is reflected, absorbed and transmitted 
through the material. In the case of a sound wave in air hitting a solid wali, most of the sound is reflected. 

If the wall is retatively flat, perpendicular to the source of the sourid, and far enough away (but not too _ 
far), then you can hear the reflected waveform or echo. If the sound comes Back in about 0.1 second or longer, 
you can readily distinguish the echo. : 
tv. What is the audible frequency range for human ear? Does this range vary with the age of 

people? Explain. 
Ans: Audible Frequency Range; 


1 
Wavelength 
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A normal human Gar can hear a sound only # its frequency es between-20Hz and 20,000 Hz. In other 
words, a human ear neither hears a eound of frequency less thar 20 Hz nor a sound of frequency more thart 
20,000 Hz. : ie -_ 
¥. A normal conversation Involves sound intensities of about 3.0 x10* Wm'?. What is the 
decibel level for this intensity? What |s the intensity of the sound for 100 dB? 
Solution: Intensity of sound = [ = 3.0x 10°°wWm™? 
Here faintest sound Intensity |, = 10-?*Wm-? (1 Belt=10 dB) 
Intensity level=7 
intensity level =10 fog 8 sensu 
4 
intensity evel=10 og =——-— =10-og 30x10 
We know log (mn) = log m + log n 
Intensity level=10{log 3 + logt0*) =10(0.48 + Bx [og10) =10(0.48 + 6x 1) =64.8 dB 


{li} ; an 
Intensity of ound =I=7 5; Sound level =10 log = dB {i eat pee 


100 dB =10 log ——Try 6B ; 105 kg y 10" logI-log 19732: 
10zlogl+ 4210910; 10=logI+12(4}; 10-12=i0gI; Log f= -2 
Taking antilog on both sides ; 
i=antllog (-2): 3 120.01 Wm? 


‘ vi. Ata particular temperature, the speed of sound in ait is 330 ms”. If the wavelength of a — 
note is 5 cm, calculate the frequency of the sound wave. Is this frequency lies in the, 2.” 
: 4 = ae, ob 2 


audible range of the humen ear? e 
| is 
Solution; The speed of sound =v = 330-ms7! ; Wavelength =2=5em ~— = 0.05 m a i 
. Frequency=f=? f=5 = = =6,6x 10°Hz 7 a 


Yes this frequency lies audible range of human ear. (20Hz1020,000Hz) 9 


vii, What are the uses of ultrasound in medicine? 

Ans: Uses of ultrasound in medicine: 

a In medical field, ultrasonic waves are used to diagnose and treat different ailments, For diagnosis of 
different diseases, ultrasonic. waves are made to enter the human body through transmitters. These «>. 
waves are reflected differently by different organs, tissues or tumors etc. The reflected waves are then Pa 
amplified to form an image of the intemal organs of the body on the screen. Such an image heips in. 5:5, : 

___ detecting the detects in these organs. . Pe 
-@ Powerful uitrasound |s now being used to remove blood clots formed in the alteries. gis og 

¢ ——_Ulirasound can also be used to gat the pictures of thyroid gland for diagnosis purposes. | 

é Germs and bacteria in liquids can also ba destroyed by using high intensity ultrasonic waves. 


E iN — D (Mark 
Note: Attempt any TWO questions, All questions carry equal marks. (2x 10 = 20) 
Q4 a. - What do you understand by the jongitudinal wave? Describe the longitudinal nature 


of sound waves, 
Ans: Longitudinal waves: : nr 

In longitudinal waves the particles of the medium move back and forth along the direction of 
propagation of wave. - ; 


Lannthidinal Mature af Cain Ullees: 
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(a). When the right prong of tuning fark moves from mean position O to B (6), it exerts some pressure on the 
adjacent fayer of air molecules and produces a compression. 


00 YA, 


Vibrations of tuning fork after striking with a rubber hammer 
, This compressed air fayer in tum compresses the layer next to it and so on. A moment fater, the prong 
begins to move from B towards A {c). Now the pressure in the adjacent layer decreases and a rarefaction is- 
produced. This rarefaction is transferred to the air layer next te it and so on. As the tuning fork moves back and 
forth rapidly, a series of compressions and rarefactions are created in the air. In this way, sound wave 
propagates through the air. 
Conclusion: 
As in the direction of propagation of sound wave is along the direction of oscillating air molecules. This 
shows the longitudinal nature of sound waves. Distance Detween two consecutive compressions or rarefactions is 


the wavelength of sound wave. 
b. If at Anarkali bazar Lahore, the sound level fs 80 d8, what will be the intensity level of 
sound there? 


Solution; See Q2. (v}, Past FBISE Paper (2018), Page # £21. 
Q.5 s. Onwhat factors does the loudness of sound depend? 
Ans: Loudness of a sound depends upoh a number of factors, 

(a) Amplitude of the vibrating body: 

The loudness of the sound varies directly with the amplitude of the vibrating body. The sound produced 
by a sitar will be loud if we pluck its wires more violently. Similarly, when we beat a drum ene the 
ampiitude of its membrane increases and we hear a loud sound. 

Loudness « Amplitude of the vibrating body 


Vartation of loudness with amplitude 
(b) Area of the vibrating body: 

The joudness of sound also depends upon the area of the vibrating body. For example, sound 
produced by a large drum is louder than that by small one because of its large vibrating area. If we strike a 
tuning fork on @ rubber pad, a feeble sound will be heard. But if the vibrating tuning fork is placed vertically on- 
the surface of a bench, de will hear a louder sound. From this we can conclude that the loudness increases 
with the area of the vibrating body and vice versa. 

Loudness « Area of the vibrating body 


(c) Distance from the vibrating body: 
Loudness of sound algo depends upon the distance of the vibrating body from the listener, It is caused 
by the decrease in amplitude due to increase in distance. — 


4 
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to a person with sensitive ears than to a man with defective ears. 

However, there is a characteristic of sound which does not depend upon the sensitivity of the ear-of the 
listener anc it ls called intensity of sound. 
A marine survey ship sends a sound wave straight to the sea bed It receives anechoi5s - 
later, The speed of sound in sea water is 1500 ms’, Find the depth of the sea at this position. 


1, _ Loudness also depends upon the physical condition of the ears of the listener. A sound appears louder 
2. 
b. 


Solution; Speed ofsound=v=1600ms7! ; Time=t=1.5s; Depth=d=? 
3 = G=vt se di) . 

For echo sound waves travel the total distance d + d.= 2d 
Putin{i) 2d=vt 


"2250 . 
2d = (1500) x{1.6) 9 d= = d=1125m 


Q.6 a, How speed of sound varies with different mediums give relation to find the speed of 
sound, aes lh oa a a le aaa aa 
accuracy of this method? 

Ans: Speed of Sound: oe 
In general, the speed of sound in w quid is ftve times that in gases the speed of sound in sold is © 

about fifteen times that in gases. The spaed of sound in air is affected by changes in some physica! 

conditions such as femperature, pressure and humidity etc. 

Speed of sound in air: 

The speed of sound in air is 343 ms” at dne atmosphere of pressure and room temperature (21°C), 

The spead varies with temperature and humidity. The speed of sound in solids and liquids is faster than in air. 

Formula to find the speed of sound: 

Following relation can be used to fin the speed of sound. 
‘wefd 
Where y is the speed, fis the frequency and is the wavelength ofl eckindi Wave. 

Measuring Speed of Sound by Echo Method: 

Apparatus: Measuring tape, stopwatch, flat wall that can produce a good acho. 

Procedure: | 

i, Use the iape to measure a distance of 50 metres from the wall. 

il. Now clap your hands in front of the wall at @ ditqncs of 50 metres and check if you can clearly heer an 
echo from the well. Make sure the echo ia not coming from, any other wall in the area. The time taken 
by the sound to travel 100 metres is the time difference between the clap and the ecto. . ‘ 

ji, Now restart the clapping and start the stopwatch at the first clap. Count the AT CAPS and stop 

the clapping and the stopwatch when you hear the echo of the {0th clap (say). 

ty, Now find the average time for 10 claps. After calculating the time interval t between claps and using the - 

formula s = vi, we can calculate the speed of fhe sound. 

b.  Adoctor counts 72 heartbeats in 1 min. Calculate the frequency and period of the heartheats, 

Solution: Number of heartheats =n = 72 

Time = t= 1 min.= 60 sec. 
Frequency = f=? 
' Tune pertod «T 27 
_ number of heartbeats 
[= time 


Since, T= = =i= = 0.83 sec 


72 
=~ i2He 


sy | oe 
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| Included Tables: 11.4 and 11.2 | 


Table 11.1 


Source of Sound | Intensity (Wm) | Intensity level (d8 
Jackhammer / Fast Traln 


a 

ee ee 

Siren 
[Lawn Mover 
Vacuum Cleaners 
Mosquito buzzing eas | ears 
Whisper 
Resulting of leaves ae 


Falntest audible sound ie. Threshold 
[ ‘Lahbig 11.2 ) 
Speed of soundin various media iy 


i 


5960 


Woods JH 
Aluminum | 
a | 
J Nickel J 
ron 
Steel HD 
L_FlintGlass [ 
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im WERS | 


IMPORTANT QUESTIONS & ANSWE RS | 
ee 


Qi. A student clapped his hands near a cliff and heard the echo after Ss, What is the distance 
of the cliff from the student if the speed of the sound, v is taken as 346 me? 7 
Solution: Time=t=Ssec.; - Speedofsound=v=346 ms"! ; Distance=d=7 
Since, d= vt ees (i) 
For echo sound waves travel the total distance d +d =2d 


1730 . 
Put in (i) 2d =346x6 > 2d=1730 > - ne ad d= 865m 


Q2. A ship sends out ultrasound that returns from the seabed and is detected after 3.42s, tf 
the speed of ultrasound through seawater Is 1531 ms”, what is the distance of the seabed 


from the ship? 
Solution: Time =t = 3.42 Sec. : Speed of sound = v = 1531 ms"! 
Distance = d=? : Since, * ey eee {I} 
Ultra ~ sound travels the tofal distance d+d=2d . 
5236.02 
‘Putin (} we get! 2d = (1534) x (9.42) = d=——— : > d=2618m 


Q3. Why two tin cans with a string stretched between them could be better way to. 
communicate than mérely shouting through the air? 

Ans: When two tin cans are attached with a stretched string then the string becomes a medium that transmit 
sound wave from one can to the other. String is a solid, and it makes a batter medium of transmating 
sound wave rather than air. When we shout in air then air carries sound with low speed than a . 

; stretched string. 
Q4, We can recognize persons speaking with the same foudness from their voice. How is this 
_ possible? 

Ans: We can recognize persons speaking with the same loudness from their voice because their quaiity af 
sound is different. Quality of sound is the characteristic dy which we can distinguish between two 
sounds of same Joudness: and pitch. The waveforms of sound produced by persons are aifferent. So 
their quality is different and they can be distinguished from each other. — 

Q5. Youcan listen to your friend round a comer, but you cannot watch him/her. Why? 

Ans: Wavelength of sound waves is large and is comparable with the size of buildings and comers. So” 
sound of our friend can be diffracted and easily heard by us. However, light rays have small wavelength 
and cannot be diffracted, which makes it impossible for us to see our friend round acormer. 

Q6. Why must the volume of a stereo in a room with wall-to-wall carpet be tuned higher than 
in a room with a wooden floor? 

Ans; In carpeted floor rooms; the volume of stereo will be higher due to less amount of reverberations. 
Volume of a stereo in a room with wall to wall carpet must be tuned higher than in a room with a 
wooden floor because reflection of sound (reverberations/after effects} is more prominent ¢ the surface 

- is smooth (carpeted), and less if the surface is imeguiar (wooden floor). 

Q7. A student says that the two terns speed and a refer to the same 
thing, What is your response? 

Ans: No, the statement of student is not correct. Speed is the distance traveled by the wave in unit time (one second). 
Frequency is the number of vibrations in the medium in unit time (one second). Speed of a wave is how - 
fast the wave is moving in a medium while the frequency of wave is the number of cycle per unit of 
time” So these two things are not same. Also frequency does not depend on the nature of medium, but 


eneead af wave it differant in diferent macia 
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Q9. Wilt two separate 50dB sounds together constitute a100dB sound? Explain 
Ans: No, two separate 50dB sounds together do not constitute a 100dB sound because dB is an exponential 
‘Stale (logarithmic scale). Each ten dB increase in sound makes the sound ten times louder. 
An increase of 504B makes the sound 10° times louder. nee 
Hence it will not make 100dB but twice as loud is an increase of iGLog (2) = 3.01dB. So 53.01dB is 
twice as foud as 50dB. . 

Q10. Why ultrasound is useful in medical field? 

Ans: Ultrasound wavelength are shorter as compared to normal sound waves. Because of this the 
ultrasound waves are reflécted back by obstacles in their path rather than bending round them and 
move forward. This quality of ultrasound makes it useful in many different fields including medica! field. 
The uitrasound techniques score over the x-ray techniques for odtaining images of internal organ in that 
these are safer, - 

Active use of ultrasound in medical field includes destruction of brain tumors and kidney stones, 

Q11. Define ultrasound or ultrasonic. 

Ans: Ultrasound: 3 
Sounds of frequency higher than 20,000 Hz which are inaudible to normal human ear are called 
ulfrasound or ultrasonic. 

Q12. What Is the difference between the loudness and Intensity of sound? Derive the relationship 
between the two. 

Ans: Sound intensity is the amount of energy carried by sound whereas loudness is a measurement of the 
audible sound. : 

Loudness vs Sound intensity: 

¢ Sound intensity is a property of the sound source but ioudness depends on the sound source, the medium 

and the receiver; as well, - 

¢ Sound intensity hoids a small significance in problems involving human hearing system, bui loudness is a 

very important property to consider in such problems. 

¢ Sound intensity is measured in Watt per square meter whereas loudness is measured in Sones. 

Relationship between the loudness and intensity of sound: 

The loudness (L) of a sound is directly proportional to the logarithm of intensity (J) ie. 
L«xlog F . 
Ew K log EF sss (i) . 

Q13. The highest frequency sound humans can hear is about 20,000 Hz. What is the wavelength . 
of sound in air at this frequency at a temperature of 20°C? What is the wavelength of the 
lowest sounds we can hear of about 20 Hz? Assume the speed of sound in air at 20°C is 

- 343 ms”, 

Solution: Highest frequency = f, = 20,000Hz : Lowest frequency=f,=20Hz 

Speed of sound =v = 343 ms“! ; Wavelength of highest sound = A, =? 

Wavelength af minimum sound = 1,, =? 


Since, EV cca fi Since, A; am 
m 
~ 243 = 3 
At = s5n00 = 0.087 =1.7x10-? m 
Now, Aw =e = = i72m 
R14, Calculate the frequency of a sound wave of speed 340 ms” and wavelength 0.5 m, 
Solution: Given that; Speed of waves = y = 340 ms” 
Wavelength 2 4 «0.6m 


Frequency = f =? 


Jiminam he de emislan me fc 


¥ 
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GEOMETRICAL oPTic 


Ail theory topics from 42.1 - 12.10 - 


> All conceptual questions and side information are excluded. | 
> Only topic based related MCQs, Short and Long Questions and numerical are included. 3 


mer GUESS PAPER & PER & MODEL PAPER #3. | 
| BASED ON UNIT # 12 (Reduced Syllabus) | 


___GEO. ME TRICAL OPT ICS 


~ SEC N-A 
Ttase allowed: 20 Minutes ‘Marks: 12 
Note: Section-A is compulsory. wal caseh cE action GIA 0s Es cainUT Gal tm Un GUMS Leper Dal. 
Be een ee ee ee eee eee ee ee 
Deleting ‘overwriting ls not allowed. Do not use lead 
et Encircle the correct option Le. A/B/C / D. All parts carry equal marks. 
ee ee ee ee 


A. its direction B. _ its speed 
C. _ its frequency D. sits wavelength 

il. A converging mirror witha radus of 20 cm creates a real image 30 cm from the mirror, 
What is the object distance? 
A. §.0cm B. 750m C. 15 cm BD. 20cm 

Ui. eee ee ee cnn o omnawe ee Canes nee The image produced by: « 
the mirror |s located 
A, out bayond the centre of curvature. B. at the centre of curvature, 


C. between the centre of curvature and the focal point D. at the focal point 
iv. An object Is 14 cm In front of a convex mirror. The image is 5.8 om behind the mirror. What 
ts the focai length of the mirror? 


A = 41em B: B2en . C. 89am. D. 20cm ‘ 
y. The index of refraction depends on a: 

A the foca} length B. the spead of light 

C, the image distance . D. the object distance 
vi. Which type af image is formed byw concave ans 3 screen? 

A. inverted and real: B. _ inverted and virtual 

C.  —suptightandreal DO. = upright and virtual 
vil, If the object is towards the right side of the lens, the object distance will be 

A.. = zero B. constant C. — positive D. negative 


vill, A convex mirror is used to reflect light from an object placed 30 cm in front of the mirror. 
If tha focal length of the mirror Is 20'cm then the location of the image should be 
A =—27 om B. ~37 om C. =28 om D. -47 om 
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Af a ray of light in glass is incident on an air surface at an angle greater than the critical 


angle, the ray will . 
A. refract only B. —refiect only — 
C. _ partially refract and partially reflect D. — diffract only 


xX. The critical angle for a beam of light passing. from water into air is 48.8 degrees, This 


means that all light rays with an angle of incidence greater than this angie will be 


A, absorbed - B. totally reflected, 
C. _partiaiy reflected and partially transmitted D. _ totally transmitted 

’ The image with convex lens is formed at 2F real, inverted, the same size as the object at? 
A 2F B. Between F and 2F 

- ©, — smaller than object D. — all the given answers 

xil. If the object is towards the right side of the lens, it is said to be 
A. — teal object’ _ B. virtual abject 
€. small object D. thick object 
Time Atliowed: 3:40 Miuntes Total Marks: 63 


SS pret! Marca: 6S 
Note: Anawer any six parts from Section 'G’ and attempt any five parts from Section-C. Attempt any two 


questions from Section ‘D’ on the separately provided answar book. Use supplementary answer sheet |.e. 
Sheet-6 if required. Write your answers and legit! 


: N - B (Marks 18 
Q.2 Attempt any SIX parts from the followlng. All parts carry equal marks, (6x3 = 18) 
i, What do you understand by reflection of light? Draw a diagram to Illustrate reflection at a 


- plane surface. . 
An object 30.0 cm tall is located 10.5 cm from a concave mirror with focal length 16.0cm. 
(a) Where is the image located? (b) How high Is it? 


ill, Stabe laws of reflection. Describe how they can be verified graphically, — 
lv. Define refraction of light. Describe the passage of light through parallel-sided transparent 


material . 
An object 10 cm high:|s placed at a distance of 20 cm from a concave lens of focal length 
15 om. Calculate the position and size of the image. Also, state the nature of the image. 


vi. What ts meant by refractive index of a material? How would you determine the refractive 


index of a rectangular glass slab? 

State the laws of refraction of light and show how they may be verified using Rectangular 
’ glass slab and pins. 

What Is meant by the term total interual reflection? 


E N- r 
Attempt any FIVE parts from the following, All parts carry equal marks, (5x 3=15) 
State the conditions for total internal reflection. ; 
_ What is critical angle? Derive a relationship between the critical angle and the refractive 
Index of a substance, 
Define the following tarms applied to a lens: 
(i) Principal axis — (il). Opticalcentre == (lil) Focal Jength 
What Is meant by the principal focus of a {a} convex lens {u} a concave lens? IiHustrate 
your answer with ray diagrams. - 
Describe how light is refracted through convex fens. 


. Define the terms resolving power and magnifying power. 
i. A colin is placed.at a focal point of a converging fens ts an image formed? What is its 


nature? 
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Note: Attempt any TWO questions. All questions carry equal marks. (2 x 10 = 20) 

Q4 a. ‘What are optical fibres? Describe how total internal reflection is used in light 
propagating through optical fibres. ; 

b. An object and Its image in a Concave mirror are of the same height, yet inverted, when the 
object is 20.0 cm from the mirror. What is the focal length of the mirror? 

Q5 a. Explain Image formation with ray diagrams for objects placed at different positions 
from a convex lens, . . 

b. The power of a convex lens is 5D. At what distance the object should be placed from the 
lens so that its real and 2 times taryer image is formed. 

Q6 a. How does @ converging lens form a virtual image of a real object? How does a 
diverging lens can form a real image of a real object? 

b. Find the focal length of a mirror that forms an image 5.66 cm behind a mirror of an object 
placed at 34.4 cm in front of the mirror, 


| Solution of Guess Paper & Model Paper # 3 
( Reduced Syllabus ) 


) N-B{M 1 | 
Q.2 ' Attempt any SIX parts from the following, All parts carry equal marks. ‘i {6x 3 = 18) 


‘ plane surface, 
Ans: Reflection of Light: 
When fight travelling in a certain medium falls on the surface of another medium, 4 part of # tums back 
in the sare medium. This is called reflection of light. - 
Laws of Reflection: _. 
(The incident ray, the normal, and the reflected ray at the point of incidence al! He in the same plans. 
{i} The angle of incidence is equal to the angle of reflection ie. cf = Zr, ? 
Tiiustration of reflaction of light: ; 
When a ray of light from air along the path AO falls on a plane mirror M, it js reflected along the path | 
OB. The ray AQ js called incident ray while the ray OB is called reflected ray. ; 


i, What do you understand by reflection of Hght? Draw a diagram to illustrate reflection at a: 


‘ . 
Angle of Angie of 
incidence a cape 


Reflected ray 
B 


Oh 


nt of incidence 
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li. An object 30.0 cm tall Is located a ee 
(a) Where is the image located? (bh) How high is it? 


Solution:  Objectheight=0 = 30.0cm =; Object distance = p = 10.5¢m 
Focaliength = f = 16.0cem } Image distance = q =? 
image height =1 =? 
: oe Core | 1 41 1 1 i 1 105-16 
sibs ected oy Bek he 2 pbs 1 
Mirror equations: p= Eto OR FG “16 105 = a Texi0s 
1 -SS 1 
7 168 = q=-T 3 4=~-30.54cm 


the negative sign of ¢ shows that the i = — and forms behind me 
I 30 916.2 
Magnification = 575 ~ j=fxg>[= ak . iad 
ili. | State laws of reflection. Describe how they can be verified graphically. 
Ans: Laws of Reflection: . 
(i} The incident ray, the normal, and the reflected ray al the point of incidence all He in the same plane. 
(1) The angie of incidence is equal to the angie of reflection Le. 4/ = Zi, 
tv. Define refraction of iight. Describa the passage of light through paralit-sded transparent 
material 
Ans: Refraction of Light: 
"The bending of light as it passes from one transparent medium into another is called refraction... 

In mitors, image formation takes place through reflection of light while in lenses image ls formed . 
through refraction of fight, . 

Example: 

Hf we dip one end of a pencil or some other object into water at an angle to the surface, the submerged 
part locks bent. its image is displaced because the light coming from the underwater portion. of the object 
changes direction as it eaves the water. 

This process of bending of light as it passes from air into glass and vice versa is called refraction of light. 
v. An object 10 cm high is placed. at a distance of 20 cm from a concave lens of focal length 

15 cm. Calculate the position and size of the image. Also, state the nature of the image. 

Solution: 

Size of object = hy = 10.c10; Distance of object = p = 20 cm ; Focal length = =f=-15 om (for concave lens) 
(a) Positionofimage=q=? {b) Size ctimage=A, =? (c) Nature of image =? 


; ee oe | oe ee | as Cem: | 
@) i ee f fo? q <-15 20 

he em oa 
{b) eae = hee =! x hg x hy = > x 10 = 4.28en 


- {c} Nature of mage: 
Since the lens in concave and object is larger in size than the size of the image, therefore the image ig 
virtual, arect and diminished. 
vi. What is meant by refractive index of a materia? How would you determine the refractive 
index of a rectangular glass slab? 
Ans: Refractive index or index of refraction: 
The coxeciveiheex stamens here Seen nae 


in. the medium: 
_ Speed of light in vaccuum oe 
: dowel speed in tight irmedium me aes 


Refractive index of a rectangular glass slab: 
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State the laws of refraction of light and show how they may be verlfied using Rectangular . 
glass slab and pins. 
Ans: . Laws of Refraction: . ; ; 
(I} The incident ray, the refracted ray, and the normal at the point of incidence att lie in ihe same sian. 
{il} The ratio of the sine of the angie of incidence f to the stne of the angle of refraction r is aways equal 
to a constant ie. siné/siny = constant 
Passage of light through paraliel-sided transparent material: 
Refraction of light can be explained with the help of Fig. A ray of light 10 traveling from air falls on the 
surface of a glass block. 


Bending of pencil in water due to refraction Refraction of light by a glass block 
At the air-glass interface, the ray of light 10 changes direction and bends towards the normal and 
travels along tha path OR inside the glass block. 
We see that the incident ray, the refracted ray and the normal, all ie on the same plane at point 0, 
{So first law is verified). 


We will'see that in ail the three readings the value of the ratio Sint —- will became constant. 


(So that second law is also verified). 

viii, What is meant by the term total internal reflection? 
Ans: Total internal Reffection: 

The angie of incidence for which the angle of refraction becomes-90” is called critica! angle. When, the 

angie of incidence becomes larger than the critical angle, no refraction occurs. The entire light is reflected back 
_into the denser medium, This Is known as total internal reflection of light. 
Explanation: 

When a ray of light enters from a denser medium to a rarer medium it bends away from the normal. if 
the angle of incidence increases the angie of refraction also increases. For a particular value of the angle of 
incidence the angie of refraction becomes 9°. . 
Critical Angle: - 

The angle of incidence that causes the refracted ray in the rarer medium to bend hough 90° is called 
critica’ angie. 


Norma] Refracted ray 
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| SECTION — 1 | 
Q.3 Attempt any FIVE parts from the following. All parts carry equal marks. (5x3=15) . 
i, State the conditions for total internat reflection. 
Ans: Condition for total internal reflection: 
Conditions essential for the total internal reflection are, 
j- —_ The ray of fight should travel from a denser medium te a rarer medium. 
fl-" The angle of incidence should be greater than the critical angle. 
il, | What is critical angle? Derive a relationship between the critical angle and the refractive — 
index of a substance. 
Ans: Critical angle: 
When light enters from a denser medium to a rarer medium then the angle of incidence whose angle of 
refraction becomes 90° is calied critical angle, it is denoted by C, 


Relationship between the critical angle and the refractive wa for : 
sint _ sing = _ t 
According to Snell's law Sin? Sind6" > sin€= OF r=-— > 


ft iné 
Where i= angie ofincidence | r=angleofrefraction; ¢=Criticalange: n= okeeie irkex 
ili, | Define the following terms applied to a lens: 
(i} Principal axis - {il} Optical centre {iil) Focal length 
Ans: |. ‘Principal Axis: 
Each af the two surfaces of a spherical lens is a section of a sphere. The line passing through the two 
centres of curvatures of the lens is called principal axis, = * 
ii. Optical Centre: A point on the principat axis at the centre of jens ig called optical centre. 
Ut. Focal length: This is the distance between the optical centre and the principal focus. 
iv. What is meant by the principal focus of a (a) convex lens (b) a concave lens? Illustrate 
"your answer with ray diagrams. 
Ans: See Q2. {iii}, Past FBISE Paper (2019), Page # 126. 
¥. Describe how light is refracted through convex lens. 
Ans: Refraction of light through convex fens: - 
Formation of images In convex lens: 
Image formation in convex lens can be explained with the help of three principal rays. 
1, =‘ The ray parallei to the principat axis passes through the focal point after refraction by the lens. 
2, —_ The ray passing through the optical centre passes straight through the lens and passes undeviated. 
3. The ray passing through the focal point becomes paraite! tc the principal axis after refraction dy the lens. 


a 


, Convex Lens 
vi. Define the terms resolving power and magnifying power. at 
Ans: Resolving Power: 
The resolving power of an instrument is its abjiity to distinguish between ‘wo closely placed object or 


point sources, 
a eee Se ee 
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distant stars. 

Magnifying power: 

The magnifying power is defined as “the ratio of the angle subtended by the image as seen through the Optical 

device to that subtended by the object at the unaided eye’, 

vii. A coin is placed at a focal point of a converging lens is an image formed? What jis its 
nature? 

Ans: When a coin is placed at a focal point (F) of a converging lens (Convex ens) no image is formed. 
because the refracted rays are paralle! and never meet. 


For example, we use high resolving power microscope to see tiny organisms and telescope to view 


SECTION — D (Marks 20) 


Note: Attempt any TWO questions, All questions carry equal marks, (2x 10 = 20} 
Q.4 a. What are optical fibres? Describe how total internal reflection is used in light 
propagating through optical fibres, 
_ Ans: See Q3., Past FBISE Paper (2019), Page # 130. 
b. . An object and its image in a concave mirror are of the same height, an inverted, when the 
object is 20.0 cm from the mirror, What is the focal length of the mirror? ~ 
Solution; Given that 


Object | height = = Image height =O=! Object distance p =20.0 cm 


I 
Focal lengthf =? Magnification = =o =5 ; Given that f= 0 
a ee | 
-=— => ==] => = oe 
a ee i p (f) ‘ 
1 i 
Mirror equation is: 2S = => = ig “f= 
1 141 , ‘i 2 . a ve: ee 
ma | 3 
oo = ae ocm 
{ Dp { p. = 2 = f f Z| 


Q.5 a. Explain image formation with ray diagrams for objects placed at different positions 
from aconvex lens, 


Ans: See Q3. {a}, Past FBISE Paper (2014) Page #95. 


b. The power of a convex lens is 5D. At what distance the object should be placed from the 
lens so that its real and 2 times larger image is formed. 
Solution: Power ofalens=p=5D (dipoter} ; Size of the di q=2p 


Distance of Object = p =? Since, p= 


: = 
L=e=f =< f=0.2m = 0.2x100cm =20cm 
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Q.6 a How does a converging lens form a virtual image of 2 real object? How does a 
diverging lens can form a real image of a real object? 

Ans: Case i: When object is placed between Principal focus (F) and optical center O then image 
formed will be virtual. The image is behind the object, virtual, erect, larger than the object, 


¢) Object between fens and F 


Case 2: 

Because the rays always diverged by a concave lens, the emerging rays do not actually intersect But 
they deem (suppose) to intersect on the incidence side by tracing backwards the emerging rays. Hence 
concave jens images are always virtual images. The thin lens formula in general is stated as, 


Concave Lens 


Therefore it #s not possible for a diverging or concave lens to from a real image of real object. 
b, —_- Find the focal length of a mirror that forms an image 5.66 om behind a mirror of an object 
placed at 34.4 cm in front of the mirror. 
Solution: - 
Object distance= p = 34 4cm 
image distance = q = -5.66cm 
q will be negative because image is virtual and behind the mirror. 


Focal length = iS 7 
_ : —! | 1 1 1 1 
Mirror equation: neal -=—~ + i a 
"7 f 344 -5.66 f 344 5.66 


34.4 x 5.66 f 1947 


194.7 


fp 

a 5.66 - 34.4 1 28.74 
f 

ee ( ey 2a | Sea 
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a —— 
ft IMPORTANT QUESTIONS & ANSWERS 


! 
i| 
5 ED 


Qi. An object 10.0 cm in front of a convex mirror forms an image 5.0 cm behind the mirror. 
What is the focal length of the mirror? 
Solution:  Objectdistance p=10.0cm ; Imagedistanceq= ~ 5.0 cm 
Since image is virtual, behind the mirror, 80 q taken as negative. ; Find focal length f = 7 
- ‘ 1 1,1 
_ me mebe = - 
mirtor equation is: f oa J Thee ae 
f to § = f 1 
Since focal length is negative so mirror is convex. 
Q2. An image of a statue appears to be 11.5 cm behind a convex mirror with focal length 13.§ 
cm. Find the distance from the statue to the mirror. 
Solution: As focal length is negative for convex mirror therefore — 


ee: ee 1.4% 9 : ey eee er 
mirror equation is; -=—+=— => -e--- = HF te 
1 , rs 115 ts : . 18528 or68.25 
p 13.5 115 13.5 x 115 25 25 


Q3. An image is produced by a concave mitror of focat fength 8.70 om. The object is 13.2 cm 
tall and at.a distance 19.3 cm from the mirror, (a) Find the location and height of the 
image, (b) Find the height of the image produced by the miiror if the object is twice as far 
from the mirror, | 
Solution: Focal length= f > B.70cm; Object height =k, = 13.2 cm Object distance « p = 19.3cm - 
(a) (i) Locationofimage=q= 7? = {Ii} hetght ofimage=h,=? 

1 1- 1 


1,1 a ee | 
Since, emete SS Seem Ore SK 
| | oster : 06 i ager 
_ = ¢ a7xi93 «9 1679 = d=", — been, 
{li} hetght of image = h, 
by @ q 
Sine, —=- S>h=>xh 
7 = ee : 208.56 
hy = 5; * 13.2 = h, = a5 = h, = 10.83 cm 
(b) When the object is twice as'far from the mirror, then p= 19.3em x2=38.6cm 
209.09 
h=!x hy = b= St x 13.2 hy =P = 5.420m 
Q4, Nabeela uses a concave otirror when applying makeup. The mirror has a radius of 
curvature of 38,0 cm. (a} What is the focal length of the mirror? (b) Nabeeia is located 50 
_ qm from the mirror, Where will her image appear? (c} Will the imaga be upright or 
Inverted? : . 
Solution: Radius of curvatureR=36.00em ; — Distance of object=p=50.cm . 
{a} Focallength=f=? (b) Distanceofimage=q=?  (c) Nature of image =? 
R 38 
(a) Focal length f = = = = = 18.0¢m (b) Distance of image =q= 50cm 


: oe re | | 
We know the mirorequationigs o+=-t- => - - 
f pp @ gq 
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1 _ 50-19 950 


q so isxso OO 30.64 cm 
(c} Nature of image: Since q is positive so image will be upright. 
Q5. An object 4 cm high is placed at a distance of 12 cm from a convex lens of focal length 

8cm. Calculate the position and size of the image also state the nature of the image. . 
Solution: . 
Height of object = A, = 4am : Distance of object = p = £2 cm; Focat length = f= 8 om 
(a) Position ofimage=q=?  (b) Size of image = h, =? {c} Nature of image =? 

1 #1 1 


1 1.1 1 11 

a Using the formulas ->-+>= S -S>--- => -=--—— 

(>) ” 4 a td at g¢ & 12 
=s——- = -=- = cee e cae 
q 8xi2 q % 24cm 
hi; og g 24 
= => == X =— xX = 
-; h; ig ho =—x4 8 cm 


(c) Nature of image: 


_ Since the lens in convex and size of image is larger than the size of the object, therefore image formed 
is real, inverted and magnified. 


A convex lens of focal length 6 om is to be used to form a virtual image three times the 


size of the object. Where the lens must be placed? ; . 

Solution: Focal length = f = 6 cm ; Distance of object = q = —3p (for virtual image}; Distance of object 2 p = 7 

ip @ 6 p 3p 6 3p 6 3p p= aa td scet 

Q7.  Aray of light from air is incident on a liquid surface at an angle of incidence 35°. Calculate 
the angle of refraction if the refractive index of the liquid is 1.25. also calculate the critical 

angle between the liquid air inter-face, 2 ge" 

solution: = Angie of incident = 4 = 35° 


: 


i Refractive index = n = 1.25 


(i) Angle ofrefraction=r=?.. Critical angle = ? ; 
f) According to Sneti's law, . 
_ Sia . _ Sint  Sin3s’ _ 057 _ Ree ; 
= => Sinr= z =Sinr= “aoe ake 0.458 => r= Sin (0.458) =} rs 27.13 
Hl} For criticat angie, . 
t -~if1 ba 
SinC =" = C= Sin7 (-) = €= Sin7) (=) = C= Sin™'(0.8) = ¢ = 53.13° 


- Aman ralses his left hand in a piane mirror, the Image facing him is raising his right hand. 

Explain why. : 

S$; Aman raises his left hand in a plane mirror, the image facing him is raising his right hand. This is due to 
lateral inversion (It is the effect produced by a mirror in reversing images from left to right). 

ote: Plane mirror is the only type of mirrér which always gives us an image which is virtual, erect and of the 
Same size ag that of the object. 


In your own words, explain why light waves are refracted at a boundary between two 
materials. : 
Refraction occurs at the boundary of two media when iight ‘ravels from one medium into the ether and 
its speed changes but its frequency remains the same. If the light ray hits the boundary at an angle 
which is not perpendicular to or paraile! to the surface, then it will change direction and appear to 
‘bend’, 


The amount of bending depends on the indices of refraction of the two media and is described 
quantitatively by Snell's Law. 


~ Why or why not concave mirrors are suitable for make up? ; 


. People use a concave mirror for shaving or make up because when a person stands between the 
principal focus and pole of a concave mirror, person sees an enlarged, erect and virtuat image of his- 
face. This is the reason why 3 concave minnr of lara fast lneeth in eed dew koe 
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When an object is placed within the focal length of a concave mitror, a magnified, erect and virtual 
image. ig formed:-A concave mitror is therefore used for shaving and makeup purpose, 
Q11, Why is the driver's side mirror in many cars convex rather than plane or concave? 
_Ans: Drivers prefer convex mirrors because: 
(1) They aways produce erect image of the objects behind the drivers’ ' 
(it) Their field of view is very broad and is abie to see more widely, However plane mirror or concave mirror. 
does not give the erect imagé but their field of view is not broad. 
Q12, When an optician’s teating room Is small, he uses a mirror to help hin test the eye sight of 
his patients, Explain why. 5, : - 
Ans: To increase the distanca of eye chart from the patient, the optician using plan mirror in a small room. . 
. Which tricks the eye and makes the space seem larger. 
The image therefore appears to be the same size as the actival face. 


yt chert 


—- 


Figure shows a typical setup in an optometrist’s examination room. The patient's vsion is supposed to 
be tested at a distance of 8 meters (20 feet), but this distance is larger than the amount of space 
available In the room. Therefore @ mirror is used to create an image of the eye chart behind the wall 
Q13. How does the thickness of lens effect its focal length? . 
‘Ans: “As the thickness of the lens increases, the focal length decreases". 
if we reduce the thickness of the lens between the. curved surfaces then the focal length increases. If you 
mean making the lens tess cufved and hence thinner, then the curvature of the interfaces will increase and 
hence the focal length will increase, . 
Q14. Under what conditions will a converging jens form a real image that is the same size as the object? 
Ans: ‘When an object is placed at 2F then its image is formed on 2F on the other:side of the lens haying the 
same size. The image is at 2F, real, inverted, the Same size as the object. oad 


Q15. What are the differences between real and virtual images? 

Ans: Real Image: Real: image is formed in front of mirror when rays of light coming from a point on object 
corivarge after reflection from mirror. It can be observed on a screen and is always inverted. 

Virtual Image:' Virtual image is formed behind the mirror when rays of light coming from @ point on 

. ject diverge after reflection from a mirror. it cannot be observed on screen. Itis always eract. 


L._jRays actually converge to form image. 
li, _Jimage is inverted" —siimageiserect SSS 


Hil. an be obtained on screen. Cannot he aeteines on errecn _ 
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Q16. Define the following terms used in refraction: 
{i) Angle of incident (ii) Angle of refraction 
Ans: (i) Angle of incident: 
The angie that the incident ray makes with the normal line is referred to as the angie of Incidence. 
(li} Angle of refraction: 
The angle that the refracted ray-makes with the normal line is referred to as the angie of refraction. 
Q17. Describe the following terms used in reflection: 
(2) Normal {ii} angle of incidence (iii} angle of reflection 
Ans: {i} Normal: 
Normal is 2 line drawn perpendicular to the surface of mirror. from point the point where incident ray 
meets the surface of the mirror. 
(ii) Angle of inddence: 
The angle of incidence is the angle ‘the incident ray makes with the normal drawn at the point of 
incidence of the incident ray on the surface of the mirror. . 
(ill) Angle of reflection: 
The angle of reflection is the ner the reflected ray makes with thé‘norma! drawn at the point of 
incidence. 


NOTH 

iN 
Angle of } Angle of 
incidence } reflection’ 


incident roy 


Reflection of light 
Q18, A convex mirror is used to reflect light from an object placed 66 cm in front of the mirror. The. 
focal length of the mirror is f = -46 cm (note the minus sign). Find the location ame Image. 
Solution: —_p = 66 cm and f = — 46 om, using mirror formula. 


i 

1.1 1 => bof 2: 
q f Pp q 46 66 
a => =— 27cm 
g 27 q 


The negative sign indicates that the image is behind the mirror and, therefore, is a virtuat image. 
Q19. An object Is placed 6 cm in front of a concave mirror that has 10 cm focal length. 


Determine the location of the image. 
Solution: - we have p =6 cm and f = 10 cm, using the mirror formula. 
= ee 1_1 1 
q f p q 10 6 
48: 2 §= -1i5em 


The negative sign indicates that the image is virtual 1.¢, behind the mirror. 
Q20. A ray of light enters from air into glass surface. The angle of incidence Is 30°. If the 
refractive index of glass is 1.52, then find the angle of refraction r. 
Solution: Wehavef=30°,n = 1.52, using Sneil's law 
sin{ 
—— = tt P : 
1.82. sin r= sin 30° % 
or sinr=sin 30°/1.82 no 
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angle gf my ‘i 
Q21, Find the value of a gngie for pate rece agli 90 Threat nda 
dwmsinudeteca. 


Solution: = When light enters in air from water Snell's law becomes 


nsini= er ' | 
nsing shi Pele ne 8! oe See ay FE 


nsinte 1 oc se tine, 
: but n # ¢.33 
Therefore,  . {= sin™'[1/1.33} = sin=* (0. 752) = : 48,8° 
« Critical angle C = 48.8* 


Therefore, critical angle of water is 48.8*, 

Q22. A person 1.70 m tall Is standing 2.5 m in front of a camera. rhe cana sb sini las 
whose focal length is 0.05 m. Find the image distance (the distance between the lens and 
the flim) aed deterniive whether the image ts rest orvirtual. 

Solution; — To fir the ae dtnce 0, gto flan equation vith p= 2.8 mane f*0.06 m, 


, . 


ia tong ‘hears 


‘ aa: pi 5a 
Focal ica rm payer 
Object distance p= 7 
Using the lens -formuia: 
atu. 
¢ pp f . : 
1_i1_1 
Po@ f x 
10 (15) 10° 15 
1_ 32 
p= ~ 30cm ; : . “he sie e wee . Gre FR” c 
re in eh net tion on _ 
_ 21 
; Magnification of the lens ie 778 = : st 
A = T30 uy ' 


The mage is reduced to one () in ize than he object lent es ee eee) 
and virtual. . sak 
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Guess Papers 


43.1 Production of electric charges 
13.2 Electrostatic induction 

13.4 Coulomb’s Law 

13.5 Electric Field and slectric intensity 
13.6 Electrostatic Potential 

13.7 Capacitors and capacitance 


NOTE: 
» Ail conceptual questions and side Information are excluded. 
> Only toplc based related MCQs, Short and Long Questions and numerical ate Inshided. 


_GUES PAPER & MO DEL PAPE R# # 4 


Ths alowed: 20 Misutes Marks: 12 

Note: Section-A is compulsory. All parts of this section are to be answered on the question paper Itself. 

It should be completed in tha first 20 minutes and handed over to the Centre Superintendent. 
overwriting is not allowed. Do not use lead 


Q.1 Encircle the correct option Le. A/ B / C/ D. All parts canny equal mada. 


A positive electric charge 
A. attracts ather positive charge 6. fepels other positive charga 
C. _—_ attracts a neutral charge . ©. — repels a neutral charge 
ii. § An object galns excess negative charge after being rubbed against another object, which is: 
A. ‘neutral 6. negatively charged 
C. _ posifively charged D. i eithera, borc 


iil. Two uncharged objects A and B are rubbed against each other. When object B is placed 
near a negatively charged object C, the two objects repel each other, Which of these 


statements is true about object A? . 
A. remains uncharged, B. becomes positively charged 
C. becomes negatively charged, D. — unpredictable 


lv. When you nub a plastic rod against your hair several times and put it near some bits of 
paper, the pleces of papers are attracted towards It. What does this observation indicate? 
A. the rod and the paper are oppositely charged. B. — the rod acquires a poasive charge. 
C. the rod and the paper have the same charges.  D, the rod acquires a negative charge 

¥, According to Coulomb's law, what happens to the attraction of two oppositely charged 
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vili, 


> 


0.2... Abamot. any SIX pacts fphdhlies lalibdteg Shdabine ak. 


2 Couk b's larw 18 void Tor the charges which are 
= moving and pft'charges  ~ : moving ahd sion-point charges 
suing tas point charges ; ‘DO. Stationary and large size charges 
w-regheFed eAlerye ace intiatip's eon apart, Whial they are moved closer 


~ topeter so hat they weno ony Low apr the Ree Dawes te 
A. = 4 times smater than‘before B. = 4 times enelao before 
C. 8 times larger befow@ -. ° - D. 16 times targer than before 


Five joules of work need to shit 20 C of charge fom one place to another The 
emi cy ilar td ai 
: i C 


: To at eh mt Wc tengo ts ta 


A vores Hanae ecaet. eT EB Ya and - 26 * 


C.  +2q ba +2q | D. = +2q art - 3g 
Electric field ines : | 

A. — always crben eset ether mae B. never cross each other . 
a 7083 each other in the region of slong fick 
2. cross each otherin theregion of weak field = Ee 
“igen is defined az an SP ET) 


ahs mo ‘” tedputt; ON ’ Asti fe@iari 4 Nesasoh Ba WR 204: » 
ST unit of a Mas’ oF tve © iarrtece ee ee ee 
A Nm! 2B ~Nc7! Cc, Nm? 0 Nm 


oleae tS atte A e ty AE 
2 ‘me sa bod treba UT camuels 


Cf ee OA ENE aR Ee ess 
=e SECON UMarKS 16 


(6x3 = 18), 
Ara Dodie Oe dene two types of leche chergus? 
i. * Sewertee the g bodies by dtectristatic induction |. 
ia. “TWe‘point sia Ga= 5 x Care placed at a distance of 150 Gn. What will be 
__ the Coulomb's force mn Shem? Also-gnd tha direction of the force. 
lv. The force of two'tdentical positive charges is 0.8 N, when the charges 
Br 0.2 m apart. ri i of cc ge, 
v. Tho chergite repel Cath’ otiler with & force of G1 N when they are 5 om apart, Find the 
Hsilipe dlyeulpesalr nrc aera 
VB A polit charge of +2C’is transferred from a point at potential 100V to a point at potential 
a0Y,suhat would be the energy supplied by the charge? 
vii. A capacitor holds 0.06 coulombs of charge when fully charged by @ 9 voit battery, 
Caiculate capacitance,of the capacitor. 
vill, What is meant by field and electric intensity? 
N- 1 ? 
Q.3 any FIVE pa from the following. Ail parts carry equal marks. (5x3 = 15) 
I electric intensity a quantity? What will be its direction? : 
il. hon dots dates ceat cae differ from charging by friction? 


Two capacitors of ‘capacitances 6 n F and 12 » F are connected in series with 12V battery. 


Find tha aniterslank ciamaclingg.. 2 ak. ll 
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v. Two capacitors of capacitances 6 pf and 12 pF are connected in parallel with a 12¥ 
battery. Find the equivalent capacitance of the combination. Find the charge and the 
_ potential difference across each capacitor. 
vi, How much negative charge bas been removed from a positively charged electroscopa I It 
asa charge of 7.5 x 10°" C? 
vil. Whatdo you mean by electric fleld lines? Give their properties atso. 


Note: Atbempt any TWO questions. All questions carry equal marks. (2x 10 = 20) 
24 a Explain Coulomb's law of electroatatics and write its mathematical form. 
b, The charge of how many negatively chagpad parties would be equal to 100 nC-Kesume 


Q5 a Derive the formula for the equivalent capacitance for a perallel combination of a 
number of capacitors. oi 

b. The potential at a point In an electric field Is 10° V. If a charge of +100 € le brought from 
infinity to this point: What would be the amount of work done on it? i 

9.6 a How would you define potentiat difference between two points? Define its unit. Also 
Show that potential difference can ‘be described as energy transfer per unit charge 

. between the two points. 

b. A capacitor holds 0.03 coulombs of charge when fully charged by a 6 volt battery. How 
much voltage would be required for it to hokf 2 couloniee of charge? ~~ 


SS Papier & ALodel Paper # 4 i 


Satution of Gue 


( Reduced Sx dsbus ) 


'Q.2 Attempt any SIX parts from tive following. All parts carry equal marks. (6x3 = 18) 
i. How cart you show by simple experiments that there ure two types of electric charges? 
Ars: Production of Electric Charges: . 

We can’ produce electric charge by rubbing a neutral body with another neutral body. The: following 
Adtivivies show that we can produce two types of electric charges through the process of rubbing... 
Activity: ; 


‘Take a plastic rod. Rub it with fur and suspend it horizontally by 
a silk thread (Fig), Now take another plastic rod and rub it with 
fur and bring near fo the suspended rod. We wil observe that — 
both the rods will repet each other. it means during the rubbing 

both the rods were charged. 
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Now take a glass rod and rub it with sik and suspend # Sitk thread 
horizontally. When we bring the plastic rod rubbed) with fur near 
to the suspended gises rod, we observe thet both the rods 
attract each other Fog the, fleet activity, both rods are of 
plastic and both of have been rubbed wit fur. Therefore, 


. Glass rod 


Plastic rod rubbed with fur and glase rod. 


rubbed with aifk attract each other 
Result: in the second mcthity, rods. ce Aoageatrge caiuiiaeriicas’ (st: 
R sts ee ah vee 3 


i. Derr the mod of charging odin berate ncn. 7 


ROT cinias hdl basi aoe ban Go aad dela benny Orting 
positively charged rod near aphere A as shown in Fig- b. Ls, 
Rod will attract negative charge towards it and repel positive charge away from @. Negative charge wil: -, 
he cavalo oe lok eamens of Be sone: Si 8 108 0 a a 


sata, pe gh “a wiod nyhosgat AL 
Now seperste the ALA Tol casio witie tim vache 28 naar the sghneshc Tien amire®. 
wi apm core rec oa a soar Fg Remove the rod. The chaggang: on SOF ABR ic 


rearrange themeeives as shown in Fig-d. 
Now separate the spheres by a large distance. The charges are uniformly ditributed over the surfaces 


of the spheres as shown in Fig-s. A 4 


Charging two spheres by electrostatic induction 
In this process, an equal and oppose charge wil be developed on each mela sphere This is 
charging by induction. 
li. Two poi charges a 10 C ond = 5 xC ae placd ata tance o 150m, Wnt mf Br, 


tha Coulomb's force between them? Also find the disiftios of the 
Solution: q, = 10plq, = 18% 107°C. (ipl = ieee) ee SuC <8 1o-* 


Distance =r = 150 cm pai = 150m . k= 9x 10° Nostc"? 


- According to Coulomb's law my 
| UG 9, ., 1075x 5x 1075 9x 5x 1019 45 
F=k— = (9x 10°) x eee eee = = 0.2N 
Ww. The force of ropa between tro iertcal posve-charpes 0.8, when the charges 
are 0.3 m apert. Pind the value of each charge. 
Solution: * Force=F=0.8N; Since Chasyes.are dentica'so gy = 42 = 4; Distance # r=: 0.1.m 
k=9x10°Nm*c? ; Value Of each charge sq? 


According to Coulomb's law F = =hhp 


+ 


Pe 
_ fr 2 08x(0.1)? — 0.8 x0.01 _ farses 
Re-arrange for charge q we get: q?2 = —~ => = N10? OR 109 ay 9x 40% 
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Solution: Force=F=0.1N  ; distance=r=S$em=9.05m;k = 9x 10° Nmn’C™ 


Forces F =? (When r= 2 cm = 0.02 m) 
According to Coulomb's law F = k=T... (i) => Re-arrange for changes gy dz = Fv 
Putting values we get: G1 42 = 0.1 *(0.05)" 
9x 10 
(ii) By putting value of q; qz ands = 2 em = 0.02 m in (j} we get F = KL 
F = (9 x 10°} x oer x <a =f = Cr & 120 saners =0.62N 


vi. A point charge of +2C is transferred from a point at potential 100V to a point at potential 
50V, what would be the energy supplied by the charge? 

Solution: Higher potential:= ¥,=109V¥ ; Lower potential - ¥, = 4504 

Potential difference = AY = Y, —¥, = 100-50=50V ‘Charge =q =+2C; Work done=W=? 

Since W = qgAV =>W=50x2 =>W= 10C joules 

vii. <A capacitor holds 0.06 coulombs of charge when fully charged by a 9 volt battery. 
Calculate capacitance of the capacitor. 


Solution: Charge =Q=0.06C ; Potential=V=9Volts , Capacitance =€ =? 
9.06 = 
Since q=cy = C= Ca =6.67X10F 


vill. Whatis meant by electric field and electric intensity? 
Ans: Electric Fiekt: 
The elecitic Sesd is a region around @ charge itutect: ° avers electrostaia force on another charges. 


Electric Fiekl Intensity: 
The strangth of an electric field at any point in spac? s k own as «!sctrc fled intensity. 
F , 
—eeaerrereere | | 
qy 
F = QF wa {i 


Thus the electric held intensity at ony “paint '§ deres.j a3 f+ force acting on a unit positive charge 
placed at that point. 
Unit of Electric Fiekt Intensity: SI unit of elactric inter sry is AC". 
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Grieves [Electrostatics Guess Papers 


_ 1 
Q.3 Attempt any FIVE parts from the following. All parts carry equal marks, {5x 3«@ 15) 
I, Es electric intensity a vector quantity? What will he its direction? a ae oe 
Ans: Electric intensity being a force is a vector quantity, its direction is the same as that of the foree-actings = 
on the ‘positive test charge. if the test charge is free to move; it-wil always move in the direction of electric 


intensity. | | 
il, | How does electrostatic induction differ from charging by friction? 


Ans: 
Transforming Charges 


Examp 
Electrons on fingertips cause electrons on doorknob to move away, 
Example leaving doorknob with a positive charge. 
tli. © Two capacitors of capacitances 6 1 F and 12 » F are connected in series with 12V battery. 
Find the equivaient capacitance of the combination. Find the charge and the potential 
. differance across each capacitor, - 
Solution: €, = 6.0 uF = 12.0x 10% ae 
Cz = 12.0 pF = 12.0 10-*F we know 1 pF = 10-* F 
V = 12 Volts 
(1) Equivalant Capacitance = €, =? 
(Hi) | Charge on each Capacitor = Q =? 
(iii) Potentatl cdifference across each capacitor = ¥=? 
{i} Since Capacitors are connected in serles combination 


1 1 1 | ee ae | 
—=—+— 3 —s-+— 
Cc t & CG 6 12 % : 
118 123 | 
C 12 C 12 
11 2 | 
Ce 4 . C, +¥4.0uF | . 
{li}. In earies combination, charge acrosseach capactor ia same therefore ae i SS 
-Q=GVv we aoe bmmrts 3 
Qu4.6 BF)K(12V) 0. 2 eS ae 
Q = 48nc an 
a. J Aap 
(Hi) Voltage acrogs the capacitor C, is V, = 2 = S8H¢ _ 3 volts i 
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Voltage across the capactor C2 4s We 2 a = 4 Volts 


tv. Whatdo you mean by the capacitance of @ capacitor? Define units of capactance. 


Ans: Capacitance: 
Capacitance is the ability of the capacitor to store charge. it is given by the ratio of charge and the 
electric potential as- 


4 


Gq. 
C = 
Unit of Capecttance: SI unt of capacitance is tarad (F), defined as: 
Farad: Hf one coulomb of charge given to the. plates of a capacitor produces @ potential difference of 
one volt between the plates of the capacitor then fs capacitance would-be one farad. 
¥, Two capacttors of capacitances 6 pF and 12 pF are connected In paratel with a 127. 
battery. Find the equivalent capacitance of the combination.. rae ee crerge: enc the 
potential difference across each capacitor. 
C, = 6.0 pF = 3.0 10°°F 
C= 12.0nF =12.0x 10°F 
V=12Volts : 
{i} Equivalant Capacitance = C, =? 
{il} Charge on each Capacitor = Q =? 
{ii} Potentall cdifference across each capacitor = V =? 
{i} Since capacitor are connected in paraitel combination 


C, =€,+C, ‘ ‘ ‘ 
C. = 6.0 pF +120 KF 
C,= 18:0 nF 
{li} Charge on each ‘capector 
The charge on €, = 6.0 j Fcapacitor is given by. rm 
Q,=C,V | 
Q, = (6.0 x 107°) x (12) * 
Q, = 72. Opec 
ee eee 
Q, = C; 
a Scania 
Q,.=144n€ 


{fi) Since the toe capectors are connected in paral, so vag across each capacitor ithe 
same that is equal to the applied voltage. Hence 
V, = ¥z = V = 12 Volts | 
How much negative has been removed from a positively charged electroscope If it 
has a charge of 7.5 x 10°" C? 
; According to phenomenon of electrostatic induction, the ammount of charge induces will be equal to 
amount of charge displaced. So -7.5 x 10! C has been removed from a positively charged 
olectroscope if it has a charge of 7.5 x 107%. 
What do you mean by, electric fleld Hnas? Give their properties also. 
: Electric Field Lines: 
The direction of electric field intensity in an electric field can also be represented by drawing lines. 
6 lines are known as electric lines of force. These lines were introduced by Michaal Faraday. . 
a a cla 


of Electric Field Lines: 


mm Gi Na tk a Set ee Eg OE a ee Ne a i eg ae 
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Ri, The electric field intensity is tangent to the electric field lines at each point (Fig-a). 

iv. | The number of lines per unit area through a surface ulagkaieess to the lines is proportional to the 
electric field strength in a given région (Fig-b). 

v. Electric field is strong when the fieid lines are close together and weak when the fines are far a | 

vi, No two field {ines cross each other. ‘ 
Electric field nee for an isolated positive and fess point charges are shown below: — 


o) . _(b) | 
Electric field lines for an Electric field lines for an. 
isolated positive point charge _—isolated negative point charge 


-— D (Marks 20 


Note: Attempt any TWO questions. All questions carry equal marks. (2x 20 = 20) 
Q.4 a. Explain Coulomb’s ‘aw of electrostatics and write its mathematica! form. 
Ans: Coulomb's Law: 

, The force of atrection oF repuision bebveen two point charges is. recy propbtiont fo the produc of 
the quantity of charges and inversely proportional to the square of ihe = between them. 2 
Mathematical form of Coulomb's Law: . : 


Fe qy 5b (i) 
FF seve (il 


Combining Equation. (iand (i), weget’ =F = k ae saeven (il 
Equation (iii} is known as Coulomb's law. ° 
Note: Now if the medium between the two charges is air then the vii of & in SI units will be 9x 10° Rate, 


Attraction between opposite charges : ~ 4 Repuiston between similar charges | 


b. The charge.of how many negatively ppl ps parties would be equal to 100 pC. Assume 
charge on one negatlve particle Is £.6-x 10° C? 
Solution: Charge = q = 100pC = 100 x 10°. (1pe = 10°C) 
Charge’on one negative particle (electron) = e = 1.6 x 107°C 
Number of negatively charged particles = n = ? eit 
Since =n => n= => p= 100x107" 
n=6.25x10® 0 =: n= 6.25 x10" 
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Q5 a. Derive the formula for the equivalent capacitance for a parallel combination of a 
number of ca 
Ans: See Q4., Past FBISE Paper (2019), Page # 130. 
b. - The potential at a point in an electric field is 10‘ V. Ifa charge of +100 jC Is brought from 
infinity to this point. What would be the amount of work done on it? 
Solution: Potential = V™= 10* V 
Charge = q = 100pC = q = 100 x 10-°C = 10°C ( te = 10°*¢) 
Work done = W =?. 
Since W= qv se wet0tx10' = | We10%= 1joule 
Q.6 a. How would you define potential difference between two points? Define its unit, 
Also, show that potential difference can be described as energy transfer per unit charge 
between the two points. ; 
Potential Difference: We define potential difference baaeen two points as: 
The energy supplied by @ unit change as it moves from one point to the other in the direction of sia fi 
Unit of Potential Difference: 
Electric potential is a scalar quantity. ‘Its §! unit is volt which is equa! to JC7!. 
Volt: If one joule of work is done against the electric fieki in bringing one coulomb positive charge from 
- infinity to a point in the electric Hels then the potential at that point will be one yolt. : 
Or if the potential energy of one coulomb of charge at a point in the electric field is one joule, the - 
potential of that point will be one volt. : 
Potentiat Difference as Energy Transfer: 
Electric potential at a point in an electric fold is equal to thé amount of work Gane in bringing @ unit 
positive charge from infinity that at point. 
If W is the Work done in moving a unit positive charge from infinity'to a certain point in the field, the 
electric potential V at da point would be given by 


4 


a . 


Ebaeene 


Potential difference between two points 
If the potential of oink Ais ¥,, and that of point 8 is V,, the potential energy of the charge at these 
boints wit be qV,, and qV, respectively. The change in potential energy of the charge when it moves from point 
A to B will be equal to q¥,, — q¥,. This energy is utilized in doing some useful work. Thus 
nergy supplied by the charge = q (V, ~ g¥,)..........{ii} 
». A Capacitor holds 0.03 coulombs of charge when futly cha a6 volt battery 
much voltage would be required for it to hokf 2 sl a pr ads ce 


solution: § Charges Q=0:03C ; ‘Potentiat=V=6Volts; Voltage=7 (WhenQ=2 C) 
, 0.03 , 
g=v> ¢ =¢ = CSS 5 60.008 Fl 


ow Voltage V = ? : 
wiete- < v=2 ~ y= anny 
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TIONS & ANSWERS | 


Qi. An electrified rod attracts pieces of paper. After a while these pieces fly away! Why? 
Ans: Electrified rod has more number of electrons when we took this rod near to the piece of paper which is 
_ fieutral the charge from rod shifts-to the paper after the transfer of charge the’ paper get charged and 
now both have equal number on electrons. Now these electrons exert a repulsive force on each other. . 
That's why after @ while paper pieces fly away, . 

Q2. Each capacitor in parallef combination has equal potential difference between its two 
plates. Justify the statement. . 

Ans: As current flow in each capacitor is same that’s why the potential of each capacitor across its plates is 
same. ¥,=),=¥3=V vee 

Q3. Perhaps you have seen.a gasoline truck tailing a.metal chain beneath it. What purpose 
does the chain serve? . 

Ans: A metalic chain can be seen. hanging from the rear side of a petrol supply tanker. This chain’ 
(Conductor) rolis on the road as the tanker moves, Due to friction with air, the body of tanker gets 
charged and tinny spark can cause a havoc (Te destroy). This charge is continuously being transferred 
to ground through the metallic chain. Thus the danger of spark is eliminated. 

Q4. _ Explain why, a glass rod can be charged by rubbing when held by hand but an iron rod 
cannot be charged by rubbing, if held by hand? ; 7 . 

Ans: Because iron is a conductor so wher we rub it then electrons move within the conductor and 

~ did not become static on the other hand glass rod is an insulator and when we rub, it get 
charge on its surface and act like a charged body. 

Q5. A strong electric field exists in the vicinity of this "Faraday cage”, Yet the person Inside the 
cage Is not affected. Can you tell why? . ° 

Ans: ' A Faraday cage operates because an extemal static electrical field causes the electric charges within 
the cage's conducting material to be distributed such that they cancel the field's effect in the cage's 
interior {Electric field becomes zero inside the interior of Faraday's cage). This phenomenon is used, for 
example, to protect electronic equipment from lightning strikes and electrostatic discharges. Thatis why  ‘ 
the person inside the cage is not affected. 

Note: A Faraday cage is a metalic anclosuts that prevents the entry or escape of an electromagnetic (EM) field. 

Q6. Capacitor blocks dc but allows ac to pass through a circuit. How does this happen? 

Ans: When used in a direct current or DC circuit, a capacitor charges up to its supply voitage but blocks the 
flow of current through it because the dielectric of a capacitor is non-conductive and basically an 
insulator, However, when a capacitor is connected to an alternating current or AC circuit, the flow of the 
current appears to pass straight through the capacitor with little or no resistance. AC appears to flow 
because the capacitor is constantly charging and discharging. 

Q?7. In what direction will a positively charged partide move in an electric field? 

Ans: ’ 


+ 


Electric fiek! is a vector quantity whose direction is Direction of an Electric Field 
defined as the direction that a positive tes! charge would : 
be pushed when placed in the field, Thus, the electric field . 
direction about a positive source charge is always directed | 
away from the positive source. And the electric field 4 — 
direction -about a negative source charge is always 
‘directed toward the negative source. ; 


The electric Grald dinactian is alverys dizechnd aovery ino 
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QS. Two bodiés are oppositely charged with 500 pC and 100 pC. Find the force between the two 
charges if the distance between them In alr Is 0.5m. 
Solution: Given, q, 2500 eC $00x 10°C, 

gz ™ 100 wC = 100 x 10° C, 

Distance between charges r= 0.5m 

’ Substituting these values in equation of Coulomb's law, we have 
142 _ 9X10? Nm? c-? x500 x 10-6 £ x100 X10-F C —- 
~ aregr? * (0.5m)? | 

F = 1800 N ; 

Q9. The capacitance of a parallel plate capacitor is 100 pF. If the potential difference between 
its plates is 50 volts, find the quantity of charge that capacitor can store. What will be the 
charge on each plate? 4 : 

Solution: - Given that; Potential difference between the plates V =.50V 

Capacitance € = 100 pF = 100 x 107° F. 

Charge Q=7 . 

Using the formula @ =CV . 

Putting the values Q@ =100x.10-°F x80V.  =5x 10°C =5mC 

7 “Charge on each plate will be 5 mC, because each plate has equal amount of charge. Capac Capacitors 

-are manufactured with different standard capacitances, and by combining them in series or in paralel, we can. 

- get any desired value of the capacitance. ; 

Q10. Three capacitors with capacitances of 3.0 uF, 4.0 nF, and 5.0 pF are arranged in parallel . 
combination with.a battery of 6¥ (1 pF = 10-° F). Find 

A. — The total capacitance an: 

B, The voltage across the capacitors 

C. The quantity of charge on each plate of the capacitor. - 

Solution: Diagram is shown on right. 


A. Total capacitance is given by 

Ceq = Ci + C; + C; : 

Coq = 3.0 1076 P+ 40x 10°84 5.0x 10° F 

Coq = (3 +445) x 10°F = 12 x 10° 

Cyq = 12 pF 
8. As three capacitors are connected in parallel, the voltage across each capacitor will be same and is 

equai to the voltage of the batteryi.e. 6 V. ° ; 

C. Charge on acapacitor with capacitance C, 
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“Q; = 48 uc 
Similarly 1 rae on capedliors wih capactincs Cz and Cy it 24 wC and 30 pe respectively. 

Q11. Threa capacitors with capacitances of 3.0 uF, 4.0 pF, and 5.0 F are arranged in series 
combination to a battery of 6V, Where 1 pF = 10-° F. Find 


3.0 uF 4.0 pF 5.0 pF 


a. ‘ The total capecitance of the series combination. 

; : The quantity of charge across each, capacitor. 
The voltage across each capacitor. 

Soluton {a) Diagram ls shown on right. For total capacitance, 


Coy C1 QO 
Cea “30x 10-5 F oa 5.0 19-6 F 


anki ta +4) aa. 


ie =o aa? 
= 1.3 pF 
() ae Ries charge across each capacitor is same and can be found as: 
Q = VC = (8.0V) (1.3x 10° F) = 7.8 nC 
, ; 8 = 18x L 
(¢) Voltage across capacitor C, = 1a Bax 10-6 F 2.6V 


78x 167%C 5 
Voltage across capacitor ¢, = V2 =i qoxio-*F 1.95¥ 
78% 10 
Voltage across capacitor ¢, = Ve= = z= 184i = 1.56V 


3.0 uF 4.0 uF 5.0 pF 
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CURRENT ELECTRICITY : 


All theory topics from 14.1 - 14.11 
> All conceptual questions and side information are excluded. 
>» Only topic based related MCQs, Short and Long Questions and numerical are included. 


~ GUESS PAPER & MODEL PAPER # § 


BASED ON UNIT # 14 (Reduced Syllabus) 


q _CURRENT ELECTRICITY | 
— SECTION-A 


Time aBowed: 20 Minutes Marka: 12 

Note: Section-A is compulsory. All parts of this section ara to be answered on the Question paper itseif. 

It should be completed in the first 20 minutes and handed over to the Centre Superintendent. 
| _Deleting/ overwriting Is not allowed. Do not use lead pencil. 


9.1 Encircle the correct option ke. A/ B/ €/D, Alt parts carry equal marks. - 


i. An electric current in conductors is due to the flow of 


A. positive fons. 8. negative ions. 
C. . positive charges D. __freé electrons ‘ 
ii, Whats the voltage across a 6 0 resistor when 3 A of current passes through it? 
- A 2¥ B. 69 V C.  48V 0D . 36Vv- 


iil. | What happens to the intensity or the brightness of the lamps connected i in aciaad as more 
and more lamps are added? 
A. increases B. decreases 
' C. remains the same D. cannot be predicted 
lv. Why should household appliances be connected in paratlel with the e voltage source? 
A. to increase the resistance of the circuit 
B. to decrease the resistance of the circuit 
C. — to provide each appliance the same voltage as the power source. 
D. _ {0 provide each appliance the same current as the power source. 
v. Electric potential and e.m.f 


A, are the same terms B. it the different terms 
C. have different units ° . B. th (b) and {c} 

vi. | When we double the voltage in a simple electric circuit, we py the : 
A. current’ B.. power C. — resistance D. both {a) and (b) 


vil. If we double both the current and the voltage In a circuit while keeping its resistance 
constant, the power 


ee re | os —a 
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What is the power rating of a lamp connected ta a 12 V source when it carries 2.5 A? 

A. 4.8W B. 4.5W C. 30 W D, BOW - 

ix. The combined resistance of two identical resistors, connected in series is -8 9. 
combined resistance In a parallel arrangement will be ; 
A - 20 B 48. Cc 8 88 4120. 

Ke a ssraing $e Gocisaeiy tua, Wea uascaud es tea ablation oF ues camel G 

objects as their i as cl aaa 


A. increases B, decreasbs 

C. remains unchanged ; D. cannot be determined 
xi. The unit of e. mf which is equal to volt in Sl syotet 1s? 

A. Je-} . B Ja C. DOJ 


xii, ‘A resistor having resistance 6.22 pment uahotatae of 5V using a wire . 
negotiable resistance. Current passes through the resistor are 0.44, The total p 


a ee . 
3W cc | SW DoW 
Time allowed: 2:40 Hours | : Total Marton 18 


Note: Answer any six parts from Section ‘8’ and altempt any five parts from Section-C. Attempt aty two 
from Section ‘D' on the separately provided answer book. Use supplementary answer sheet 1.0. 


questiona 
Sheet-B if required. Write your answers neatly and legithy 


ION-B{M 18 

— Attempt any SIX parts from the following. All parts carry equal marks, (6x3=18 
Define and explain the term electric current. . 

; What is the difference between electronic current and conventional current? 

iil, |§Whatdo we mean by the term e.m.f,? Is it reaily a force? Explain. 

"lv. — How can we differentiate between ¢.m.f, and potential difference? 

vy. Define resistance and its units. 

vi. Whatis the difference between conductors and insulators? 

‘vil. At 100,000 0, how much current flows through your body If you touch the terminals of 
12 ¥ battery? If your skin Is wet, so that your resistance is only 1000 f, a much : 
would you receive from the same battery? . 

vill. Determine the equivatent resistance of series combination of resistors. 


| SECTION — C (Marks 15) | 
Q.3 Attempt any FIVE parts from the following. All parts carry equal marks. (5x3=15. 
i. An electric bulb is marked with 220V, 100W. Find the resistance of the filament of the 
bulb. If the bulb is used 5 hours daily; find the energy in kllowatt-hour consumed by t 
bal in one month (30 days). 
li, Two resistances of 2kf and 8 kf are joined in series, if a 10 V battery is connected 2 
the ends of this combination, find the following quantities: 
{a) The equivalent resistance of the series combination. 
{b) Current: passing through each of the resistances. 
{c) The potential difference across each resistance. 
li, Design a circuit diagram for a study room that needs the following paren in parallel: = 
(a) One 100 W lamp operated by one switch; 
{b) One reading lamp ane with a 40 W bulb which can be switched ON and OFF 


two points, . 
{c} «=What ie the advantage of commecting the equipments in parallel Instead of series? . 
iv, | Why in conductors charge Is transferred by free electrons rather than by positive charges? 
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Twe-points on an object are at different electric potentials. Does oun necessarily flow 


between them? 
ECTION — D (Marks 2 


Note: Attempt any TWO questions, All questions carry equal marks. (2x 10 = 20) 
0.3 a. Explain Ohm’s law. What are its Jimitations? 
b. A current of 3 mA is flowing through a wire for 1 minute. What is the charge flowing 
through the wire? 
Q.4 a. Explain the energy dissipation in a.resistance. What is Joule’s law? 
b. The resistance of a conductor wire is 10 M01. If a potential difference of 100 volt is applied 
across its ends, then find the value of current passing through it in mA. 
a. Discuss the main features of paraliel combination of resistors. 
By applying a potential difference of 10 V across a conductor a current of 1.5 A-passes 
through It. How much energy would be obtained from the current in 2 minutes? 


Solution of Guess Paper & Model Paper #5 
( Reduced Syllabus ) 


N — B (Marks 1 

Q.2 Attempt any SIX parts from the following. All parts carry equal marks. (6x 3=18) 
ab Define and explain the term electric current, ek 

Ans: See Q2, {xv}, Past FBISE Paper {2017}, Page #116. 

ii, . What ls the difference between electronic current and conventional current? 

Ans: Difference between electronic current and conventional current: 

i. Electronic current can be either negative or positive, but conventional current is always positive. 

ii. | The conventional current for an electron flow is positive, whereas the Electronic current ie negative. 

iii, - Ford flow of positive charges, both the electronic current and the conventional current are the same. 

wv. Since almost every electrical circuit uses an electron flow, it can be safely stated aa the 

conventional current =~ electronic current. 
¥. . Inconventional current, the flow of electrons is assumed as a flow of protons on the spboai direction. 


ie oe = «= 
electron flow 


~ electron flow wy, 


= ot 
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lil. © What do we mean by the term ¢.m.f.7 Is It really a force? Explain. 
Ans: Electromotive Force {e.m.f): | 
it is the energy supplied by 4 battery to a unit charge when it flows through the closed circuit. 
OR 
_ The energy converted from non electrical forms to electrical form when one coulomb of positive charge 
passes through 


Where & is the emf, W is ‘energy converted from nonelectrical forms to ‘electrical form and Qs 
positive charge. 

Unit of e.nt.f.: The unit for e.m.f. is JE~! which is equal to vott (V) in SI system. 

Hence if the e.m.f. of the battery is 2V, the tota! energy supplied by the battery is. 2 joules when one 
coulomb of charge flows through the closed circuit, 
Source of electromotive force (e.m.f.): 

A source of electromotive force (e.m.f.) converts non-electrical energy (chemical, thermal, ieohaiical 
etc.) into electrical energy. Examples of sources of a.m-f. are batteries, thermocouples and generators. When a: 
conductor Is connected to @ battery, current flows through it due to potential difference, 

a.m.f, is not a force: 

Electromotive force {¢.m.f.} is actually a voltage between the terminals of the battery, when no current 
flows in the circuit. The emf represents energy pet unit charge {voltage} which has been made available by the 
generating mechanism (Batteries etc.) and is not a “force”. 

Note: The term e.m-f. 4s retained for historical reasons. It'is useful to distinguish voltages which are generated 
from thé voltage changés which occur in a circuit as a result of energy dissipation, e.g., ina resistor. 

lv. How can we differentiate between e.m.f. and potential difference? 

Ans: Difference between ¢,n..f. and potential difference: 


Electromotive forca and potential Siflerence are not same. They have fallow: 4 differences 


in an open circurt. 


OE Electromotive force transmits current both | Potential difference current transfers between any. 
inside and outside the cell. two points in the circuit. 


‘ili, | Electromotive force ernf is the cause. Potential difference is the result/atfect. 
lal Electromotive force -is always greater than] Potential difference is always less than 
potential differance. electromotive force. 
| Etectromotive force creates potential difference | Potential difference takes place between any two 
entire the circuit. ° paints in the circuit. 
baal Electromotive force does not depend ‘on the } Potential difference of two points depends on the 
; resistance of the circurt. — of those points. 


vi, | Blecromative force remains constant, ___[ itdoes gotremain constant, | 
vy. Define resistance and its units, 
Ans: Resistance: 
The property of a substance Which offers opposition to the flow of current through it Js called its 
resistarmce. 
This opposition comes from the collisions of moving electrons with atoms af the substance. 
Unit of Resistance: ‘ 
Ohm: When a potential difference of one voit is applied across the ends of a conductor and one ampere of 
current passes through if, then its resistance wil be one ohm. 
vi. What is the difference between conductors and insulators? 
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The highest energy band occupied by electrons ig the valence band. in a conductor, the valence band 

is partaily fited, and since there are numerous empty lavals, the electrons are free ic move under the influence 

of an electric field; thus, in a metal the valence band is also the:conduction band. 

Examples: Some common conductors are copper, aluminum, gold, and silver. 

Insulators: Insulators are those materials in which valence electrons are bound very tightly to their atoms 
and are notfres. - 

In an insulator, electrons completely fill the valence band; and the gap between it and the next band, 
which is the conduction band, és large. The electrons cannot move' under the influence of an electric field 
unless they are given enough energy ta cross the large energy gap to the conduction band. 

Examples: Some common insulators are glass, air, plastic, rubber, and wood. 


vit. At 100,000 0, how much current flows through your body if you touch the terminais of a 
12 V battery? If your skin is wet, so that your resistance is only 1000.0, how much current 
would you receive from the same battery? 

Solution: Resistance = R = 100,000 2 = 10° 0); Voltage =V = 127 

New Resistance = 2'= 1000021092 ~ 


(i) 9 Current =? =? (it) Current=/' =? 
‘(i} = By using chm’siaw V=iR 
. ~ i= a x 10-4 va! = 4. 2 x 107? 
 R ~ 1080 10 A. 
{li} Again by using ohm'slaw ¥ = IR’ 
[= =>/= cc ea x 107 va-! = 1. 2 107 4 
~ ~ 7072 ~ 10 * "i = 


vii, Determine the equivalent resistance of series combination of resistors. 
Ans: Series Combination of Resistors: 


et ‘aoe “ne Aa 


Three Resistors in sertes combination 
t. The current is the same in every resistor; this current is équal to thal in the battery. 
; : y= i= I,=! 
ii, | The sum of the voltage drops across the individual rablatoes is equal to the voltage rating of the battery 
V =V, +4, +¥, 
iii, The overall resistance of the collection of resistors is equal to the ‘sum of the individual resistance 
\ values, r R, = Ry + R, +R, 
lf resistances R, + Ro +R, + vacueee + Re are connected in series then tha erniivalant recietannea ef 
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SECTION = € (Marks 15) - 

Q.3 Attempt any FIVE parts from the following. Ali parts carry equal marks. (5 x 3 = 15) - 

i. An electric bulb Is marked with 220V, LOOW. Find: the resistance of the filament of the 
bulb. If the bulb is used 5 hours daily; find the energy in kiiowatt-hour consumed by the - 


bulb in one month (30 days). ee 
Solution: Voltage=V=220V ; Powers W= 1007 ‘Time t= 5 hours ; One month = 30 da } 
(Il) Resistance =R =7 (i} Energy in kilowatt hour = E =? 
se v2 . ve a 
(f) =i =e Re 7 
226 48400 

By putting the vatues we get R= a Tae 4840 

cee cc, Watt xthneinhours ~ 100%5% 30 
(li). Energy in kilowatt hours E=2 ————-__— = A 


1000 - 1000 
Energy in kilowatt hour = 18.kWh | ee 


ii, Two resistances of 2kf and 8 kf are joined in series, if a 10 V battery is connected across . 
the ends of this combination, find the following quantities: 
(a) The equivalent resistance of the series combination, 
(b) Current: passing through each of the resistances, 
(c) The potential difference across each resistance. 
Solution: Given Data: Resistance *R,=2Kn_ ;- ' Resistance®R,=8kn 
- Voltage = V = 10 Voits + 
(a) EquivatentresistanceR, =? - 
(b) Current through each resistor 1 =? 
(c) . Potentiat across each resistor V,=7and¥, =? 
(a) As the resistances are connected in series 
: R.= Ry +R, 
R, =2kNh+8k2 
R, = 10 ka 
(b) For series, current will be same through alt resistors. BY ohm's law 


v 
V=IR = — ! 
l R, 
_ 10V 40 1V 


— — 
— a Oe 


10k2 100002 10000 © 
[=4.0x 107A = 1mA 
(Cc) The potentlal differences across R, ix ¥; = IR, 
Vy = (10°34) x 2x 107) 2y a 
Similarly the potential differance across R; is ¥, = IR, oe 
Vz = (10°-54} x (8 x 10°) 
V, = 8 Volts aa 
iil. Design a circuit diagram for a study room that needs the following equipment in parallel: 
(a) One 200 W lamp operated by one switch; : - | 
(b} One reading lamp fitted with a 40 W bulb which can be switched ON and OFF from. 
(c)' Whatis the advantage of connecting the equipments in parallel instead of series? 
Ans: The circuit diagram for the part (a) and {b): ne va 
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Thera are two advantages of connecting bulbs in parallel. 

|. All the bulbs get the full battery voltage so they're all bright A 

il, < They're all in their own conducting loop so you can turn one bulb B 
off without affecting the others. : 

iti, All househokd lights and appliances are connected in parallel Sy 40W 
because a parallel circuit allows all devicés to operate on the 
samé voltage. 


iv. | Why in conductors charge is transferred by free electrons rather than by positive charges? 

Ans: Because electrons are free in conductor and they are in majority. When we apply an external electric 

field with the help of a battery (squrce of emf) then these free electrons move from negative to positive terminal 

of battery. On the other side, positive charges are present in the nucleus of the atom and they are not free to 
_ move that's why electric current is caused by free electrons. 

_y. ‘What is the difference between a cell and a battery? 

Ans: The difference between cells and batteries is that a cell is a single unit which converts chemical energy 

fo electrical energy to daliver a voltage while a battery is composed of a number of cells in series to get 

increased voltage, A battery can therefore, also be referred to as cailis. 

vi. Can current flow in a circult without potential difference? 

Ans: No, emf is responsible for the flow of current. When we apply a battery to the ends of a conductor then 

due to the potential difference between the ends of battery free electrons in the conductor move and respord 

to the external electric field applied. So, we tan say that without potential difference there ig no concept of 


52 LOOW 


current flow. 
vii, Two polnts on an object are at different electric potentials, Does charge necessarily flow 
between them? 


Ans: Electric current flow due to the potential difference. If the object is conductor and there is a potential 
difference occurs ‘between two different. points then electric current will flow, But if the object is insulator then 
no current will flow. . 

E -D{M 2 


Note: Attempt any two questions, All questions carry equal marks, {2 x 10 = 20) 
Q.4 a. Explain Ohm’s law. What are its limitations? : 
Ans: Seo Q4. (a), Past FBISE Paper (2074}, Page # 97. 


b. A current of 3 mA Is flowing through a wire for 1 minute, What is the charge flowing 


through the wire? 
Solution: Current=1 = 3m4=3.0x107A ; Time =t = 1 min, = 60 sec. 
Charge =Q=7 


Since Q=It =3.0x 1073 x 60 = 180 x 10-7 ¢ 


Q.5 a. Explain the energy dissipation in a resistance. What is Joule’s law? 
Ans:. See Q2. (v}, Past FBISE Paper (2019), Page # 127. . 


b. The resistance of a conductor wire is 10 #0. If a potential difference of 100 volt is applied 
across its ends, then find the value of current passing through it in mA. 
Solution: Resistance=R=10MQ=10x10°R=10'R ; (1M = 105 


Potential difference =V=100Volts=107F ; Current =/=7 ° 
By using ohm's law V= IR 
; 10? 


f=-~>I[= 


— gi = 1.0% 107-74 = 1.0K 105A =107?x10°A 
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‘Q6 a Discuss the main features of parallel combination of resistors. 
Ans: Parallel Combination of Resistors:, 2 
}. In parallel combination one end of each resistor is connected with 

pesitive terminal of battery while the other end of each resistor is 
connected with the negative terminal of battery. Therefore, the 
voltage is same across each resistor which is equal to the voltage 
of the battery i.e. ; 


Vy =¥,=-V,=¥; 


; Three resistors in paraile! combination 
it. In parallel circuit, the total current equals the sum of the currents in various resistances /.¢., 
: : f= [ 1 +f 2 +] 3 


1 
iii. The reciprocal of equivalent resistance —~ of the combination is the sum of the reciprocals of the - 


Re . 
1 | 1 1 
individual resistances. —=— tt 
Re Ry; fz R3 va 
If resistances Ry, Ro, Rgy--us R,, are connected in parallel then the equivalent resistance of the 
ae a eae: Sree 1 
combination wil be given by nh + ia + Rs fe skvnutean + Re 


b. By applying a potential difference of 20 V across a conductor a current of 1.5 A passes 
through it. How much energy would be obtained from the current in 2 minutes? ¢ 
Solution: See QS5., Past FSISE Paper (2018), Page # 123. : 


| IMPORTANT QUESTIONS & ANSWERS | 


ee 


—-=- —— 


Q.1 Two resistances of 6kM and 12k? are connacted in parallel. A 6V battery is connected 
across Its erxts; find the values of the following quantities: 7. % 
(a) Equivalent resistance of the parallel combination. 
(b) Current passing through each of the resistances, 
(c) Potential difference across each of the resistance. 
Ans. ((a) 42, (b) 1 mA, 0.5 mA (c) 6 ¥] 
Solution: Resistances = Ry = 6KN, 
Resistances = R, = 12 Kn 
Potential = V = 6 Volts 
(a) Equivalent resistance = R, =? 
{b} Current through each resistance =] =? 
(c} Potential difference across each resistance = V =? 
(a} As the resistances are connected in Parallel, therefore equivalent resistance R, will be 


1 1. 4 241° 
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ae 3 12k0, 
Re 12ka Me ag. re Me Ai 
(b) The current passing through resistance Rywillbe V =1,R, 
.¥  6¥ 1 4 
=— => =—_— > =— = 
I; Ri I, ka L 1000 2 > #& 0.0014 


1,=10°A > 21mA , 
Similarly, current passing through resistance Rzwillbe = = 1,R, 
¥ 
h== = sa => I;=— vo 
2 ’ 
h=05x10°A . => =0.5mA 
(c) As the resistance are in parallel combination 80 all the resistances at the same potential difference 
¥ =6 Volts of the battery. 
Q2. An incandescent light bulb with an operating resistance of 95 2 Is labelled "150 W." Is this 
bulb designed for use in a 120V circuit or a 220V circuit? 


=> 1,=0.00054 


Solution: Resistance =R=95 2 ; | Power=P = 150 Watts 
Voltage &V, =120V H Voltage 2 V, = 220V 
By using formulas P= mA 
vi 
120 
(2) For P=~ Mi = O20) = M400. 15, 58 W 


(b) Forv¥, => P= A 2 G2) 5 OO S0047W 


-Hence the circuit has been designed for 120 V. 


Q3. In order to measure voltage in a circuit voltmeter is always connected in parallel Discuss. 

Ans: voitmeter is a device used for measuring voltages across @ circuit, in order to measure voltages 
accurately we have to connect it in paraliel to the circuit because of the fact that voltage is same in 
paratel and divides in series so connected in parallel it will show the exact volt as in. circuit but if 
connected in series the voltages will be the sum of that, drops in circuit and in ae 

Q4. Now many watt-hours are there in 1000 joules? - 

Ans: tkwh=3.6 x 10°] 
1 wh = seue J = 1wh=3.6x10%37 = 1wh=3.6 x 1074 
1] =0. 000278 wh = 1000] = 0.000278 x 1000 = 0.27778 watt hour 

Q5. From your experience in watching cars on the roads at night, are automobile headlamps 
connected in series or in paraflel? 

Ans: Head lamps of auto mobiles are connected in paratiel. Because if they were ina Serial connection then 
when one burned out they would both go out, and they can get just as much current as they need. 
In parallel wiring if one head lamp is out of order the othertamps stil! glow. Also we can turn ON or OFF 
any individual headlamp independently, which is the onty possible if they are connected in paraliel. 

¥6. A certain flash-light can use a 10 ohm bulb or a 5 ohm bulb. Which bulb should be used to 
get the brighter light? Which bulb will discharge the battery first? 

ins: low resistance means more current which means battery will be discharged quickly. 

_ A bulb of 5 ohm gives brighter light because low resistance gives rise high current. High current and 

tow resistance of 5 ohm burt will discharge the battery first. 

7. Itis !mpracticable to connect an electric bulb and an electric heater in series. Why? 
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“hence the power through each appliance. In order to. avoid this loss of current, and power (P = t¥) 
fhrough bulb and heater, they are conhected in paraltel. 
Q8. Describe briefty the potential difference. 
Ans: Potential difference: 
Potential difference across the two ends of a conductor causes the dissipation of eisctrical energy into 
other forms of energy as charges Row through the circuit. 
Unit: Sl unit of potential difference is voit. 
- Volt: In an electric flekt, the potential between two points is said to be 1V if the amount of work done by 
"4 Coulomb charge (6,25x10" electrons) in moving from one point to another is one ve Joule. | 
ive | 
ba Coulomb 


» 


OR 
A potential difference of 1V across a bulb means that each coulomb of charge or 1 ampere a current 
that passes through the bulb consumes 1 joule of energy: 
Q9. If a current of 0.5.4 passes through a bulb connected across a battery of 6 V for 20 seconds, 
then find the rate of energy transferred to the bulb, Also find pe receiens tee 
Solution: Wehave! =0.8A,¥= S¥,¢ = 203 
Now uslng the formula, , 
Energy W = Vit we get, Energy = 6¥ x O.5A4X 20s = 60; 
So the rate of energy transferred must be 60J in 20s or 3 Js! or 3 watt. 
Now using, Energy = W = /? Rt 
1 


3 = (0.5) x RX 20K =3 x =X == 0.60 


x70 0.25 
Q10. State electric power and its unit. 
- Ang: Electric Power: The arunt of energy sped by cnet nun nes oon asec omer. 


Sectre pawer = =o . = JV = PR 
Unit of Electric Power: 
The unit of electric power is watt which is equal to one joule per second (1 = it is represented by 
the symbol W. 


Qi1. The resistance of an electric bulb is 500 0, Find the power consumed by the bulb when a. 
potential difference of 250 V is applied across Its ends. 
Solution: Giventhat, R = 5000,V¥= 250". ; Using the formula, = ¥/R 
We get, current? = 250V/S00M.= 0.54 and PowerP=/*7R#(0, 5A)! 5000 = 125 . 
Q1i2. Why electric energy Is measured in kilowatt hour, 
Ans: Electric energy is commonly consumed in yery large quantity for the measurement of which joule is a 
very small unit. Hence a very large unit of electric energy is needed which is called kilowatt-hour, 
Q13. Describe briefly kilowatt hour. 
Ans; Kilowatt -— Hour: 
The amount of anergy delivered by a power of one kilowatt in one hour is called ktowalt-hour, 
One kilowatt — hour 1 kWh = 1000 W x Lhour =1000W x (3600 _ 
= 36x 10°77=3.6Mf ; (+1Mega=10°). 
The energy in kilowatt-hour can be obtained by the following formula: 
watt xtime of use in hours _ 


The amount of energy in kilowati-hour = 


1000 
Qi4. Calculate the one month cost of using 50 W energy saver for § hours daily, in your study 
room. Assume that the price of a unit Is Re.12. 
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Qi5. If 0.5 C charge passes through a wire in 10s, then what will be the value of current iid 

through the wire? 
Solution: Given that, @ = 0.5¢ ; t= 10s, 

therefore using | = Q/t = 0.5C/10s=0.05A=50mA — 

Q16. Reading on voltmeter connected across a heating element is 60 ¥. The amount of current 
passing through the heating element measured by an ammeter is 2 A. What is the resistance of 
the heating coil of the element? 
Solution: Given that, V = GOV, /=2 4. 


Ohm's Law ¥ = #R 
V 
Or R=7= 3, =30VA7=300 
Q17. If the length of copper wire is 1 matre and Its diameter is 2 mm. Then find the resistance 
of this copper wire. 


Solution: Given that, length of the wire = 1m, - 
Diameter of tha wire d = 2 mm= 2x 107? m 
~3\2 2 
Cross sectional area ofthe wire A = md*/4 = ne ee 
A= 3.14x10%m 
Specific resistance of copperp = 1.69 x 107? Om 
Now we have R = p X L/A= 16.69 x 10-8 fm x 1/3. 14 x 1078 m? 
R= 0.54 x 10°77 0 
Qi8. Two resistors of 6 k fl and 4 kf are connected in series across a 10V battery, then find the 
following quantities: ; 
Equivalent resistance of the series combination. 
The current flowing through each of the resistance. 
Potential difference across each of the resistances. 
Solution: 
Given that, R, =6KQR,=4K9 
The equivalent resistance of the series combination is: 
R,= Ry + Rp =~6KN+4kKO=10k0 ' na 
If a Gattery of 10 V is connected across the equivalent resistance Re, the current passing through it is 


_ given by 
¥ 10V 
i= R = Tone 7 10x 107-94 


In the case of series combination same » current would pass through éach resistance. Hence current 
hrough Ry and R would be equal to 1.0 x 107? A, 
(c} Potential difference across Ry = Vy = IR, = 1.0 X 107 Ax 6KN= GV 
Potential difference across R, = V,= IR, = 1.0 x 10°? Ax 4K = 4V 
219, If in the circuit shown in Fig. (14.13), Ry = 22,R, = 32,R, = 6 2, and V = 6V, then find the 
following quantities: 
(a} equivalent resistance of the circuit. 
(b) current passing through each resistance. 
fe) The total current of the circuit. 
Solution: 
(3) As the resistors are connected in parallel, equivalent resistance R, of the combination is give by 
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Therefore, R, = 192, This value is smaller than the lowest value of the resistance in the combination 
which is always the case in parallel circuits, 

(b) fn parallel combination, the potential difference across sach of the resistance Is same @ ard is aquai to 
the potential of the cattery, which is 6V. Therefore, 


Current through «Ry = Fy = — =—=34 


Currentthrough Rp =F, ze. 


Current through R3 = 13> x =n lA 


(c} Sum of the currents passing through the resistances in paratel combination is as to bai total current 
f of the circuit. Therefore, total current J is 6 A, 


Q20. If a current of 0.54 passes through a bulb connected across a battery of 6 V for 20 
seconds, then find the rate of energy transferred to the bulb. Also find the resistance of the 


bulb. 
Solution: Wehave! =O0.5A,V =6¥V,¢ = 208 
Now using'‘the formulas, Energy W = Vit 


we get, Energy = 6V x 0.5 AX 209 = 60 
So the rate of energy transferred must be 60) in 20s or 3 js"? or 3 watt 
Now using, Energy = W = /* Rt . 


We get resistance as . 
3 = (0.5)? x RX 20 
R= 3 xx aaE- ge O68 
20°0.25 5 


Q21. The resistance of an etectric bulb Is 500 Q. Find the power consumed by the bulb when a 
potential difference of 250 V Is applied across its ends. 
Solution: 
Given that, R = 5000,° V= 250¥_ 
Using the formula, 7 = ¥/R 
We get, current? = 250¥/5002 = 0.54 
and Power P = ?R 2 (0.54)? 5002 = 125W 


Q22. Calculate the one month cost of using SO W energy saver for 8 hours daily in your study 
room. Assume that the price of a.unit is Rs,12, 
Solution: 
Given that, Power = sow = 0.05kW, time = 8 hours 
Number of units consumed = 8 x 30 x 0.05 = 12 units 
Therefore, total cost = 12 x 12 = Rs. 144 


r 
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UNIT 15; ——- ELECTROMAGNETISM st 


15.1 Magnetics effects of steady current 
15.5 Electromagnetic induction 

15.6 Direction of induce emf, Lenzs law 
15.8 Mutual induction a 
15.9 Transformer 


NOTE; | 
> All conceptual questions and side information are excluded. | 
> Only topic based related MCQs, Short and Long Questions and numerical are included. 


GUESS PAPER & MODEL PAPER # 6 
BASED ON UNIT # 15 (Reduced Syllabus) 


ELECTROMAGNETISM 


Time allowed: 20 Minutes . : Marks: 13 
te pyaar 
Note: Section-A Is compulsory. All parts of this section ara to be answered on the question paper itself. 
Tt should ba completed in the first 20 minutes and handed over to the Centre Superintendent. 

Deleting ‘overwriting is not allowed. Do not use lead pencil, 


Q.1 — Encircle the correct option i.e. A / B / C / D. All parts carry equal marks, 
i, Which statement is true about the magnetic poles? . 


A, _ unlike poles repel ‘ B. like poles attract : . 
C.- magnetic poles do not effect each other . D. a single magnetic pole does not exist 

_ li, What Is the direction of the magnetic field liries inside a bar magnet? : 
A. from north pole to south pole - B. from south pole te north pols 
C, from side to side D. _—_ there are no magnetic field lines 


Ui. The presence of a magnetic field can be detected by a 


A. small mass B. _ stationary positive charge 


C, stationary negative chaige DB. magnetic compass 

fy. — If the current in a wire which is placed perpendicular to a magnetic field increases, the 
force on the wire - a 
A __ increases ' B. decreases 
C. remains the same ‘D. willbe zero 

¥. The magnetic field produced near the current-carrying conductor is | 
A. ° stronger B. weaker “ ¢. neutral ~D. none of above 


vi. If-we grasp a wire with right hand such that the thumb pointed in the direction of current, 


Beam Hee serena Bae mm alt L..... J... wt ak 
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The direction of induced ¢.m.f. in a circwit le In accordance with conservation of: 
A mass . 2B. charge ; C, momentum dD energy 
vill, The step-up transformer , 


A. increases the input current B. increases the input voltage — 
C. has more turns in the primary . D, has less turns in the secondary coil 

jx, The tum ratios of a transformer Is 16, Tt means - : 
A. f,=107> B. N,=Np/10 
C. N, =10Np BD 0 60V=Vpx 10 - 

X Simple ol placed n a magnet canotrotata mare than ie 
A. 80° -. Ge 0D. 9 

xh Gniea ; ; : 
A VA>N, B. Vp>V¥, GD Y, = BP Ves. N, 

_xid A transformer is designed to convert the voltage from 240 V a.c mains to 12 V, and has 
4000 turns on its primary coil. The tums on pare coil should me 
A =-.200 B. . 300 C. D. 400 
Time ANowed: 2:40 Mitrates Total Marks: 5S 


Ee a ee? ___i 5 
Note: Answer any six parts from Section ‘8’ and attempt any five parts from Section-C, Attempt any two - 3 
questions from Section ‘D’ on the separately provided anawer book. Use supplementary answer sheet Le, : 
Sheet-B Hf required. Write answers and 


SECTION — B (Marks 18) 


Q.2 “Piaes any SIX parts from the following, All parts carry equal marks, (6x 3=18). 


i. Demonstrate by an experiment that qa magnetic field is produced around a Straight | 
current-carrying conductor. ; 


ii. ‘State and explain the rule by which the direction of the lines of force of the magnetic field ; 
around a current-carrying conductor can be determined. 

iil, ‘You are given an unmarked magnetized steel bar.and bar magnet, its north and south ends .. 
marked N and S respectively. State how would you determine the polarity at each end of 
the unmarked bar? 

iv. Cana transfoimer operate on direct current? 

¥. A conductor wire generates a voltage while moving through a magnetic field, In what direction 
should the wire be moved, relative to the field to generate the maximum voltage? 

vl. Describe a simple experiment to demonstrate that a changing magnetic field can induce 
e.m.f. in a circuit, i 
‘vii, . What are the factors which affect the magnitude of the e.m.f. induced ina. circuit by a. 
changing magnetic field? . 
vili. Describe magnetic field of a slatted: : 
SECTION — C (Marks 15) 

Q.3 Attempt any FIVE parts from the following. All parts carry equal marks." (5'x 3 = 15) 

i. Discuss Faraday's experiment for the production of e.m.f. in magnetic field, ; 

il. State Faraday's law of electromagnetic induction. ! 

iii, Discuss the maximum minimum strength of magnetic fied. 

iv. Suppose someone handed you three similar iron bars and told you one was not magnet but 
the other two were. How would you find the Iron bar that was not magnet? 

¥. Suppose you have a coil of wire and a bar magnet. Describe how you could use them to 
generate an electric current. 

vi. If a Gransformer is used to supply voltage to a 24 v model train which draws a current 1.6 

OA Calculate the current in the primary if the voltage of the a.c. source is 240 ¥. x 

vii. Suppose we hang a loop of wire $o that it can swing easily. If we now put a maanet into | 
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E N -~D (Marks 2 


Note: Attempt any TWO questions. All questions carry equal marks. (2 x 10 = 20) 

9.4 a. What do you understand by the term mutual induction? 

b. —_A transformer is needed to convert a mains 240 V¥ supply into a 12 ¥ supply. If there are 
2006 turns on the primary coil, then find the number of turns on the secondary coil, 

Q.5 a. — Describe the direction of an induced e.m.f. in a circuit? How does this phenomena 

_ _ relate to conservation of energy? 

b. A step-up transformer has a turn ratios of 1:100. An alternating supply of 20 V is 
connected across the primary coil. What is the secondary voltage? 

Q.6 a, What is a transformer? Explain the working of transformer in connection with 
mutual induction. 

b. A step-down transformer has a tums ratio of 100:1. An ac voltage of amplitude 170 V is 

applied to the primary. If the current in the primary is 1.0 mA, what Is the current in the 

secondary? 


Solution of Guess Paper & Model Paper # #6 
(Reduced Syllabus) 


SECTION — B (Marks 18) 


‘a 2 Attempt any SIX parts from the following. All parts carry equal marks, {6x 3 = 18) 
‘I Demonstrate by an experiment that a magnetic field is produced around a straight 
current-carrying conductor. 


Ans. Demonstration for magnetic field is produced around straight current carrying conductor (wite). 

Hi. State and explain the rule by which the direction of the lines of force of the magnetic field 
around a current-carrying conductor can be determined. 

Ans: See Q2. (vi}, Past FRISE Paper (2019), Page #127. 

ii. You are given an unmarked magnetized stee} bar and bar magnet, its north and oath ends 
marked N and S respectively. State how would you determine the polarity at each and of 
the unmarked bar? 

Ans: Suspend the unmarked bar magnet by a thread from its centre, Bring the north pole of marked 

bar magnet near one end of suspended magnet. Repulsion wiil show that this end is north pole of 

unmarked bar magnet, Attraction will show its south pole. 

WW. Cara transformer operate on direct current? 

Ans: No, a transformer can not operate on direct current, 

The primary coil has to induce current in the secondary coil. The only way this can happen is if there is 

a varying magnetic field in the primary which then will induce a varying magnetic field in the secondary which 

results in a current in the sec. 

¥. A conductor wire generates a voltage while moving through a magnetic field. In what direction 
should the wire be moved, relative to the field to generate the maximum voltage? 


L 44 Athan we niare 2 fpAnaAisiar wire in a meAnsteé fall Har 3 dl wcrnneemee em mw we ek 
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vi. Describe a simple experiment to demonstrate that a changing magnetic field can induce 
emf, in a circult, 
Ans: Electromagnetic Induction: —- 
The process of generating an induced current in a circuit by changing the nerf gra 0 
force passing through if is Calfed electromagnetic induction. 
Experiment: 
Figure shows one of Faraday's experiments in which current is induced by moving a magnet into the 
solenoid or out of the solenaid. 
When the magnet is stationary, no current is induced. When the magnet is moved towards the solenoid, 
the needle of galvanometer defects towards right, indicating that a current is being induced in the solenoid. 
When the magnet is pulled away from the solenoid, the gatvanometer deflects towards left, indicating 
~ that the induced current in the solenoid is in the opposite direction. 


Phenomenon of electromagnetic induction by the movement of a magnet through solenoid, 
(a) Magnet moves towards the stationary solenoid. (b) Magnet moves away from the stationary solenoid 
Conclusion: 

From the above experiments, we conclude that an e.m.f. is induced in the col! when there is a relative 
motion between the coif and the magnet. This phenomenon in which an e.m-f. is induced due to the eae 
motion between the coil and the magnet is called electromagnetic induction. 

vii. What are the factors which affect the magnitude of the e.m.f. induced In a circuit by a 
_ hanging magnetic field? 
Ans: Factors Affecting Induced e,m.f 

The magnitude of induced e.m.f. in a circuit depends on the following factors: 

I, Speed of relative motion of the coil and the magnet. st 
ii, Number of tums of the coil. | : 

iti, | Amount of current passing through the coil. 
vill. Describe magnetic field of a solenold. 

Ans: Solenoid: A long coil of wire consisting of many loops is called a solenoid. 
Magnetic Fleld of a Solenold: . 

The field from each loop in a solenoid adds to the fields of the other. |Joops and creates greater total field 
strength. Electric current in the coil of wire produces magnetic field 
which is similar te the magnetic field of a permanent magnet. When 
this current-carrying coil is brought close to a suspended bar 
magnet, one end of the coll repels. tha north pote of the magnet. 

' Thus, the current-carrying coil has a north and a south ae and is 
itself a magnet. 


Magnetic fleld due to a solenoid 


Electromagnet: 
The tine of temporary meanet which ic creatad when currant Brwe threw a eeit je rallet an 
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Direction of the Field: 
The direction of the flelc produced by a coil due to the flow of conventional current can _ found with 
the help o Right hand grip rule stated as; 
Right Hand Grip Rute: 
if we orip the coi with our right hand by curling our iat in the direction of the conventional current, 
our thumb will indicate the north pole of the coil. 


Wyk 
PP PRES waa 


Right hand grip rule for a coil 


E N~ 
0.3 Attempt any FIVE parts from the following. All parts carry equal marks, (5 x,3 = 15) 
i, eee ee production of e.m.f. In magnetic field 
Ans: Experiment: 

Take a rectangular loop of wire and connect its two ends with a galvanometer, Now hold the wire 
stationary of move it parallel:to the magnetic field of a strong u-shaped magnet. Galvanometer shows no 
deflection and hence there is no current. Now move the wire downward through the field, current is induced in 
one direction as shown by the defiection of the galvanometer (Fig-a). Now move the wire upward through ‘the 
fied, current is induced in the opposite direction (Fig). 


Demonstration of electromagnetic induction by the movement of a wire loop in the magnet field 
It implies that an electric current is generated in a wire only when the wire cuts magnetic field lines. This 
wduced current is generated by the induced e.m.f. in the circuit. 


il. State Faraday's law of electromagnetic induction. 
Ans: Faraday’s law of electromagnetic induction: 

The value of induced e.m.f in @ circuit is directly proportional to the rate of change of number of 
magnetic lines of force through it. 

This is called Faraday’s law of electromagnetic induction. 


lit. Discuss the maximum minimum strength of magnetic field. 
Ans: Strength of Magnetic Field: 

The strength of magnetic field is defined as the number of magnetic lines of force passing thrqugh any 
surface. | 

The number of lines of force is maximum when the surface i is held perpendicular to the magnietic lines 
of force. 

[t wil be minimum when surface is held parallel to the magnetic ines of force. If we place a i in the 
magnetic fieki of a bar magnet, some of the magnetic lines of force will pass through it, : 
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Maximum strength of magnetic fleld ; Minimum strength of maguetic field 


If the coil is far away from the magnet, only a few lines of force will pass the coil. 
’ However, if the coil is close to the magnet, a age number of tines of force will pass through if. 


Variation of miagnetic fleld Ilnes of force through a coil placed at different distances from the magnet : 
This means, we can change the number of magnetic lines of force through .a coil by moving it in the - 

magnetic field. This change in the number of magnetic fied lines will induce an e.m.f. in the coil. 
This is the basic principle of production of electricity and working of transformer. 

iv. - Suppose someone handed you three similar iron bars and told you one was not magnet but 
the other two were, How would you find the iron bar that was not magnet? 

Ans: We will place compass needle near these three iron bar. The compass needle will show response near 
magnet. So when we take compass needle near the iron bar and if this compass needle did not change 

. its direction then this means that this iron bar is not a magnet. 

vy. Suppose you have a coll of wire and a bar magnet. Describe how you could use them to 
generate an electric current. 

Ans: We will move the bar magnet into and out of the coil and this changing magnetic field wil induce emf 
and electric current. . 

vi, ‘If a transformer is used to supply voltage to 2 a 24 ¥ model train which draws a current 
1.6A, Caiculate the current in the primary if the voltage of the a.c. source is 240 V. 

Solution: Giventhat, V,= 240¥ 


¥,=12¥7 
a 
=? + 


By law of conservation of seks 
Input power of the primary = Out power of the secondary 
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| fsVs _ _ (AZV)(08 A) _ 
Therefore, Ip =“ Ip = say OOH A 


vii. Suppose we hang a loop of wire so that it can swing easily. If we now put a magnet into the 
coll, the coll will start swinging. Which way will It swing relative to the magnet and why? _ 

Ans: It is according to the law of electromagnetic induction; Lenz's law, states that the direction of the 

induced e.m.f is aways such as to oppose the change producing it Therefore coit will swinging ‘relative 


to the magnet. 
E N-D 0 

Note: Attempt any two questions. All questions carry equal marks, (2 x 10 = 20) 
Q.4 Whatdo you understand by the term mutual induction? 
Ans: Mutual Induction: — ; 
The phenomenon of production of induced current in one coil due to change of current in & neighboring 
coil is called mutual induction. t 
Primary and secondary coil: . 

The coil in which the change in current produces induced current in another coil is known as primary 
coil and the coil in which current is induced is known as a secondary coil. . 

Suppose a system of two coils A and B placed close to each other. The coil A is connected to a battery 
and @ switch, while a sensitive gaivanometer is connected to the coil B. We observe that as soon as the switch 
of the coil A is closed, the galvanometer shows a momentary deflection. Similarly when the switch is opened. 
the galvanometer again shows a deflection but this time Hs direction is opposite to that of the previous case. 


Mutual Induction 


Explanation: : 

We-can explain these obeervations using Faraday's law of electromagnetic induction. When the switch 
of coil A's closed, a currant Is induced in the coil due to which magnetic field is developed across the coil, 

Some of the magnetic linas of force of this field start passing through the coi B. Since current is 
changing in the coil A, hence number of magnetic lines of force across the coil B also changes due to which a 
current is induced in the coil 8 in accordance with Faraday's law. 

- When currant in the coil A becomes steady, number of magnetic lines of force across the coil A also 

become constant. Therefore, there is no more change in number of magnetic lines of force through the coil B 
Aru te whieh indicted cirrant in col B reduces to 7a'0. : 
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b. A transformer is needed to convert a mains 240 V supply into a 12 V supply. 1 
there are 2000 turns on the primary coil, then find the number of tums on th 
. secondary coil. ie = 
Solution: Voltage across primary Vp = 240 volts 
Voltage across secondary | V, = 12 volts 
Number of turns of primary coil N, = 200 
Number of turns of secondary coil N, =? 


Since, Ny = Vp = N, = 7 X Np = 5, * 200 = 100 turns 
Q.5 a. Describe the direction of an induced e.m.f. in a circuit? How does thig phenomen: 
relate to conservation of energy? = - : 
Ans: Direction of induced e.m.f. - 
. Lenz's Law: is 
The direction of an induced current in a circuit is always such that it opposes the cause that produces it 
Experiment: 


if we bring a north pole of a bar magnet near a solenoid, an e.m.f. will be induced in the sotencid b: 
electromagnetic induction (Fig-a). ‘The direction of the induced current in the solenoid by the induced e.rn.f, wi 
be such that it will repel the north pole of the magnet. This is only possible if the tight end of the solenok 
becomes a north pole. Hence, according to right hand grip rule, the diréction of the induced current in the 
solenoid will be anticlockwise, . 

Similarly, when we move the north pole of the magnet away from the solenoid, the direction of the 
induced current will be clockwise (Fig-b). 


mee 
berames $ pole 
(a): Direction of induced current when (b}: Cirection of induced current when 
magnet Is moved towards the coll magnet le moved away from the cof 
Lenz's law Is a manifestation of the law of conservation ofenergy: — 
if we apply the law of conservation of energy to electromagnetic induction, we realize that the electrics 
energy induced in a- conductor appears from the kinetic energy of tha: moving magnet. We do some work © 
"the magnet to bring it close to the solenoid. This work done consequently appears as electrical energy in the 
conductor. 
Thus mechanical energy of our hand used to push the magnet towards or away from the colt result 
into electrical energy. Hence Lenz's law is a manifestation of the law of conservation of energy. 


>. A Step-up transformer has a tum ratios of 1:100, An alternating supply of 20 V k 
connected across the primary coil. What is the secondary voltage? - 
Solution: — in case of step-up transformer 


N 1 
Tum ratio is 1:100 = Ny:N, = t:100 = = = — 


N, 100 
Voltage across primary — -¥, = 20-volts. 
Voltage across secondary coil ¥,=? 
s _ Ns 


Since, => V, = 100.x 20 = 2000 volts 


voo!)6UOUWn: 
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0.6 a. Whatisa transformer? Explain the working of transformer in connection with 
mutual induction. . 
: Transformer: 

This is an electrical device which is used to increase or decrease the value of alternating voltage. 
Principle of Transformer: Transformer works on the principle of mutual induction. 

Symbol for transformer: 

Construction of Transformer: 


Transfer consists of two coils which are wound on 
two different sides of a rectangular iran core. One coil is 
called primary and the second one is known as secondary. 
; Secordory 
ce Winding 


TRANSFORMER 


Lion Core 


Working of a transformer: 

Primary and Secondary Coils: - ; 
A transformer has two coils, ‘electrically insulated from each other, but wound around the same iron 
core. One toil ig called the primary coil. The other coil is called the sacondary coil. 

Number of turns on. the primary and the secondary: coils are represented by N, and N, respectively. 
When the primary coil is connected fo a source of A.C. voltage, the changing current creates a changing 
magnetic field, which is carried through the core to the secondary coil. In the secondary coil, the changing fied 
induces a varying e.m.f. This effect is called mutual inductance. . 


Vs _ Ns 
Vp Np 

Types of Transformer: 

Step-Up Transformer: . 
lf the secondary voltage is larger than the primary voltage, the transformer is called a step-up. 
transformer. . 

Step-Down Transformer: 

If the secondary voltage is smaller than the primary voltage, the transformer is called a step-down 
transformer. 


b. <A step-down transformer has a turns ratio of 100:1. An ac voltage of amplitude 170 V Is 
applied to the primary. If the current in the primary is 1,0.mA, what is the current in the 
secondary? 

In case of step-down transformer 

Turn ratio ts 1:100 => Ny: Ny=1:100 


N, 1 
| N,° 100 
Voltage across primary V, = 170 voits. 
Current across primary . I, = 1.0mA = 1.0x 1054 


Current across secondary coil ao 
4 _ 100 


a sang -3,,100 4 . 100 
Since, [=i xe ~ = 10x10 MT oT 
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16.1 Thermionic emission | 
16,2 Investigating the properties of electron 
16.4 Analog and Digital electronics 

‘ 16.5 Basic operation of digital electronics 
46.6 - 16,10 Ail Logic gates 


>. All conceptual questions and side information are sxctedod, 
> Oniy topic nena related MCQs, Short and Long Questions and numerical are included. 


g| BASED ON UNIT # 16(R.. cd Syllabus) 


BASIC ELECTR ICS 


Time allowed: 20 Minutes Marke 13 


Note: Section-A is compulsory. All parts of this section are to be answered Sa Sac GuSEeD biver ak 
It should be completed in the first 20 minutes and over to the Centre Superintendent, . 
Dejeting /overwriting Is not allowed. Do not use jead 
Q.1 —_ Encircle the correct option i.e. A/B/C / D. All = catry equal marks, 
a The process by which electrons are emitted by a hot metal surface is known as 
A boiling B. evaporation C. conduction D. thermionic ernigsion 
ft. In — operation Hf any one of logic input is at '0’ then output is _ : 
A. B. 2 C 864 


il, ‘The logta operation promed bythe gate , 
A AND: C.  NAND- D. OR 


=De 


iy. AND gate can be formed by using two 


| 


A. NOTgates 8B. Rgates C. ‘ NOR gates D.  NAND gates 
¥. Tha output of a two-input NOR = is 1 when: ; 
A. > Ais 1andBisd B. AisQandBis 4 
C.. beth A and B are.0 ' 2.  bothAandB are 1 
vii «=sEFX = A.B, then Xis 1 when: | OS 
A. . AandB are 1 B 8 6AoBisp 
C. AisGandBis1 - DP. Ais land Bis¢ 


vil, _The,output of a NAND gate Is 0 when 
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The screen of a cathode ray tube consist of thin layer of ; 


A. aiuminum = B. Potassium ©. — sulphur ‘0. — Paosphor. 
ix. The electronic circuit which implements the OR operation is; 
: A. NORgate 8B. ANDgate C, ORgate D. NAND gate . 


x. The output of NANO Is written as; . 
A xsA+B  B xsA-B OC. 'X#A.B D. x2A.B 
xl. To make burglar alarm, we use; 


A -NANDgate B. AndGate C.  ORgate D. NOT gate 
xii, Which representing data using is or 0s? | 
A soit B. byte CC. _ kitodyte D. megabyte - 
Time Allowed: 2:40 Minutes : Total Marks: 5S 


| nee mene eens eee nnn en ee en ene ne 
Note: Answer any six parta from Section ‘B' and attempt any five parts from Section-C. Attempt any two 
questions from Section ‘D’ on the separately provided answer book. Use supplementary answer sheet |e. 
Sheet-S if required. Write your answers n and legib 


_SE N—B (Marks 1 
9.2 Attempt any SIX parts from the following. All parts carry equal marks, {6x3 = 18) 
i, Describe, using one simple diagram in each case, what happens when a narrow beam of 
electrons is passed through A. a uniform electric field B. a uniform magnetic fleld. What do 
these results Indicate about the charge on electron? 
il. Differentiate between analogue electronics and digital electronics. Write down names of 
five analogue and five digital devices that are commonty used everyday life. 
Hil State and explain for each case whether the information given by the following devices is 
in analogue of a digital form. 
@ amoving-coil voltmeter measuring the e.m.f of a cell, 
b. amicrophone generating an electric current. 
c. acentral heating thermostat controlling the water pump. 
d. automatic traffic lights controlling the flow of traffic. 
Write down some benefits of using digital electronics over analogue electronics. - 
Name two factors which can enhance (increase) thermionic emission. 
Give three reasons to support the evktence that cathode rays are secekioaly Cuoad lactrie 
When electrons pass through two paraliel plates having opposite charges they are 
deflected towards the positively charged plate. What important characteristic of the 
electron can be inferred from this? 
vill, When a moving electron enters the magnetic field, it Is deflected from Its stralght path. 
Name two factors which can enhance electron deflection. 


| E N-C (Marks i 
Q.3 Attempt any FIVE parts from the following, All parts carry equal marks. (5x32 15) 
i, How can you compare the logic operation X = 4. B with usual operation of on 
ii, | NAND gate is the reciprocai of AND gate. Discuss 
iil. | Show that the croult given as below acts as OR gate. 
iv. Show that the circuit given as below acts as AND gate. 
¥. What ls truth table? 
vi. What do you understand by analogue to digital converter (ADC)? 
vil. What do you understand by digita! to analogue converter (DAC)7, 


E -D rks 2 
Note: Attempt any TWO questions. All questions carry equal marks. (2x 10 = 20) 
id af Mtfarantats hatwean sinital and anaing alactranicc. ‘ 


Sinz 
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Q.5 a. Whatare the three universal Logic Gates? Give their symbols and truth tables. 
b. Assume you have an OR gate with two inputs, A and B. 

ecg ee ee 

AAZ1,8=0 

B.A=0,8=1 

If either input is one, what Is the output? 


a. Describe NAND and NOR gate and draw its symbol and truth table? 
b.. What fs Boolean algebra and Boolean constants? 


| Solution of Guess Paper & Model Paper # 7 | 


( Reduced Syllabus ) 


SECTION-—B(Marks18) i - 
— Attempt any SIX parts from the followirg. All parts carry equal marks. (6x 3 = 18) 
Describe, using one simple diagram in each case, what happens when a narrow beam of 
electrons Is passed through A. a uniform electric field B. a uniform magnetic field. What do 
these results indicate about the charge on electron? 
Ans: Deflection of electrons by a uniform electric field: 
We can set up electric field by applying a potential difference across two parallel metal plates placed 
horizontally separated with some distance. When an electron beam passes between the two plates, it can be 
seen that the electrons are deflected towards the positive plate. The 
reason for this is that electrons are attracted by the positive charges and 
repelled by the negative charges due to force F = ¢£, where q is the 
electron charge and € is the electric field due to plates. The degree of 
deflection of electrons from their orginal’ direction is proportional to the 
Strength of the electric field applied. . 
_ Result: This shows that electrons are negatively charged. 


Defiection of Cathode Rays by an electric etd 

Deflection of electrons by uniform magnetic field: ‘ 
Now wa apply magnetic field at right angle to the beam of electrons by using a horse shoe magnet. We. 
will notice that the att of the electrons beam on screen is getting 
deflected from its orginal direction. 

Now change the direction of the horse shoe magnet. We will see 
that spot on the fluorescent screen is getting deflected in the opposite 
direction. 

Result: This shows that electrons are negatively charged. 


Deflection of Cathode Rays by a magnetic field — 
ii. Differentiate between analogue electronics and digital electronics. Write down names of 
five analogue and five digital devices that are commonly used everyday life. 
Ans: Analogue Electronics: 
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An analogue signal 

Digital Electronics: : 
The branch of electronics which deals with digital quantities is called digital electronics. 
Digital quantities are expressed in the form of digits : 

or numbers. Digital electronics uses only two digits 0 {zero} 

and 1 (one) and the whole data are provided in binary front 

due to which Processing of data becomes easy. 


Devices: The devices based upon digital physical 
electronics are computer, TV, security. 
System, mobile phone, digital camera radar 
system, naval system, medical equipments 


Cigital voltage signal t---—» 


ii, State and explain for each case whether the information given by the following devices is 
_" in anafogue or a digital form. 
a. - a moving-coil voltmeter measuring the e.m.f of a cell. 
b. * amicrophone generating an electric current. 
c  acentral heating thermostat controlling the water pump. 
- @, automatic traffic lights controlling the flow of traffic. . 
Ans: 4 a moving-coil yoltrneter measuring the e.m.f of a cell. : ‘ 
Ht is analog device which measure the value of emf a. cell. The deflection of the moving ol is 
. Continuous variation with time. It is analogue signal, ; 
b. a microphone generating an electric current. 
The current in the microphone varies according to the variation in sound pressure, Since this variation 
is continues, hence current from microphone is an analogue quantity. 
€  acentral heating thermostat controlling the water pump. . 
The thermostat depends upon the atmospheric temperature which varies continuously with time.Itis an 
analogue signal, So the thermostat controlling is an analogue device. 
d. automatic traffic lights controlling the flow of traffic. 
The digital circuit used in traffic contro} light system makes them ON (1) or OFF ij: Hence, aytomatic 
traffic lights is a digital system. 
lv. Write down some benefits of using digital electronics over analogue electronics. 
Ans; Digital information has certain properties that distinguish it from analog communication methods. These ; 
include 
¢ Synchronization - digital communication uses specif Ic oe (Organization sequences for 
determining synchronization. 
‘ Language - digital communications requires a language which shill be possessed by both sender 
and receiver and should specify meaning of symbo! sequences. 


» Qernes _ Aiatireanans in mmalam AA din 2... Qt li gl ck kl 
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» Copying - analog.communication copies are quality wise not as good as their originale while Gue ‘tc 
error free digital communication, copies can be made indefinitely. - 4 
» Granularity - for a continuously variable analog value to be represented in digital form there occur 

_ quantization etror which is difference in actual analog value and digital representation and this property” 

of digital communication is known as granularity, Co . 

v. Name two factors which can enhance (increase) thermlonic emission. 

Ans: I) Nature of the metal . li) Surface area of the meta! 

By increasing the temperature and surface area of the cathode, rate of thermionic emission can 
enhance (increase). z 

vi, _ Give three reasons to support the evidence that cathode rays are negatively charged electrons. 

Ans: 1) When cathode rays are created then they move towards the anode of the digcharge tube which 
shows that they ara negatively charges. = :<G 

il) | When an electric field is applied in the discharge tube then cathode rays experiences an attractive force 
toward the positive plate of the applied electric field which also shows that they have negative charge. 

iii) | They are deflected in a magnetic field opposite to the direction of positive charge. 

vil. When electrons pass through two parallel plates having opposite charges they are 
deflected towards the positively charged pjate. What important characteristic of the 
electron can be inferred from this? 

Ans: This shows that electrons have negative charge. a 

vill, When a moving electron enters the magnetic field, it is deflected from its straight path. 
Name two factors which can enhance electron deflection. 7 = 

Ans: Strength of magnetic field and speed of electron enhance electron deflection. if we increase the angle 

between velocity of electron within range 0° to 90° then it will enhance the deflection of electron 
because magnetic force is equal to F = qvBsin@. If we increase the strength of magnetic field then it 
will enhance the deflection of etectron. . ; 


SECTION — C (Marks 15) - 
Q.3 Attempt any FIVE parts from the following. All parts carry equalmarks. - (5x 3 = 15) 
j.-  How-can you compare the logic operation X = 4.8 with usual operation of multiplication. 
Ans: If we want to compare the logic operation with usual operation of multiplication, we will find same resutt 
' gs in fogic operations with same inputs but if the inputs changes from 0 and 1 the togic operation will 
failed to give result. % . 


li. | NAND gate is the reciprocal of AND gate. Discuss . . 
Ans: The-combination of AND gate with NOT gate is called NAND gate. in NANO gate the.output of AND 

gate is inverted. Therefore NANO gate is the reciprocal of AND gate. . : 

fii, Show that the circuit given as below acts as OR gate. 
A Y 

4 ‘ : B . : 
Ans: The given circuit acts as OR gate because in this circuit the output terminal of NOR gate is coupled with 
NOT operation. In NOR gate the vatue of OR gate is inverted then followed by NOT operation the value 
af OR gate is regenerated. “ Siar 


iv, Show that the cirouit given as below acts as AND gate, 


A 
—— 
B 


Ans: In this circuit two NOT operations are working as inputs terminals of NOR gate. Therefore this citcuft 
wilactas AND gate. _ sO 
¥, What is truth table? - 


1, What do you understand by analogue to digital converter (ADC)? 
ns: Analogue to Digital Converter (ADC); 
In our daily life, the quantities that we perceive by our senses are usually analogue quantities which 
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ins: Digital to Analogue Converter (DAC): 7 

The output of the computer is again converted into an analogue form by a circuit known as digital to 
inalogue converter {DAC). As the output of DAC is an analogue signal, it can be readily sensed by us, Thus, 
Hectronic systems used at present consist of both analogue and digital type circuits 

-D(M 

Yote: Attempt any TWO questions. All questions carry equal marks. (2 x 10 = 20) 
4 a. Differentiate between digital and analog electronics. 
ins; Difference batween digital and analog electronics: 


Digital signa's are discrete time signals 
generated by digital modulation. 


"Waves —_[Denotedby sine waves | Denoted by squerewaves 
represent information spresent information 
devices digital electronic devices. 
— 
; as they are. set of numbers and records therm. 
transmissions | during transmission and write/read cycle. | during transmission and write/read cyce. 
Response to |More likely to get affected reducing | Less affected since noise response are 


Noise accuracy analog in nature 
|__ Flexibility | 


Analog hardware is not flexible. 
b. What do you understand by digital and analogue quantities? 

Ans: Digital Quantities: The quantities which change in non discrete steps are cailed digital quantities. 
Examples: 

Modern telephone system, radar system, naval and other systems of military importance, devices to 
control the operation of industrial machines, medical aquipments and many household appliances are using 
digital technology. 

Analogue Quantities: The quantites which change continuously with time are known as analogue quantities. 
Examples: Temperature, time, pressure, current, voltage and distance etc., are analogue quantities. 

Q.5 a. What are the three universal Logic Gates? Give their symbols and truth tables. 

Ans: Three universal Logic Gates: 


i, AND Operation: 
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- AND Gate: | 
AND Gate is physical realization of the logical multiplication. tts the implement of AND operation. 


Symbol of AND Gate: 
A 


A.B 


AND gate 
Note: The output is high only if input X and input Y are high. 


il, OR operation: . , 
OR operation is physical realization of the logical addition. It is the implement of OR gate. 


A 


OR Gate: 
OR Gate is physical realization of the logical addition. It is the implement of OR operation, 
Symbol of OR gate: : ; 


x = A+B 


OR Gate 
Note: The output is high when elther X or Y or both are high. 
ili. NOTOperation: « ; 
NOT operation is physical reatization of the complementation operation. 
Function of NOT operation: — 
It is parform the operation of inversion or complementation. That ig why it is also known as inverter. It - 
changes a logical level to ts opposite level, i.e. it changes 1 to 0 and Oto 1. 


A wa} Not Gate >(— X = A 


WOT sate 
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Note: The output is high if the input is not high. The output is always the opposite of the nea Itis an inverter. 
b. Assume you have an OR gate with two inputs, A and B. 
Determine the outenrt, C; for the FoBowing cases: 
AA=1,B=0 
B,.A=0,B=1 
Faith inet cam ace the ideale 
- The value of output of OR gate will be ‘1‘ when one of its inputs is at 1. The output wil be 0, when both 
inputs are at ‘0’. 
In both given cases A. and 8, the value of output will be 1, 
1+0=1and04+1=1alot+1=1 
If either input is one then output is one. 


Describe NAND and NOR gate and draw its symbol and truth table? 
NAND gate: 
The combination of And gate with NOT gate is called NAND gate. ) 
In NAND gate the output of AND gate is inverted. The bubble in this figure shows that the output of 
AND gate is inverted. 

Symbol of NAND Gate: 


tJopios0 |= 
1 {4 [4.1 =1 | 


Note: The output is not high only #f the input X and input ¥ are = 


NOR Gate: 
The combination of OR:gate with NOT gate is cated NOR aha 
In NOR gate the output of OR gate is inverted. . 

Symbol of NOR Gate: 
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fo [ieo0] 0-0 
afr yieier [=o 


{a) X=A+B 


In NOR gate the output of OR gate is coupled with @ N é@ NOT gate. This NOT gate inverts the output. 
At ‘Bot the OR gate, i.¢., the output of the NOR gate is A+B B which is expressed by the following equation 
x2 A+B 
Note: The output is not high if either input X or input Y are high. 


b. Whatis Boolean algebra and Boolean constants 7 
Ans: Boolean Algebra: 
George Boole inverted a special algebra called Boolean algebra also known algebra of lagics. His a 
branch of mathematics which deals the relationships of logic variables. - 
Boolean algebra handles variables that represent types of logic propositions: ‘true’ and ‘false’: 
Boolean constants: 
In Booiean algebra a set of constants has only two elements'0 of 1. Thus a aaa constant is either 0. 
if not 1 or is 1 if not 0, 
Note: The potential of the output is either ‘HIGH (5- -BVY' of ‘LOW (0 VY’. 


| IMPORTANT QUESTIONS & nos 


Q1. When a magnet Is brought near to the screen of a television tube, picture on the screen sp - 

. digtorted. Oo you know why? 

Ans: A magnet distosts the picture as it distorts the path of electrons flowing from the electron gun towards - 
the screen inside the television. As electrons arg negatively charged particles, their motion és distorted 
by a magnet. Therefore the picture on the screen is distorted. 


QZ. Name any five devices based upon digital physical quantities? 
- Ans: The devices based upon digital physical electronics are computer, TV, security system, mobile phone, 
digital camera radar system, naval system, medical equipments etc. 
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18.1 - 18.9 (all theory topics) 


NOTE: 
> Allconceptual questions and side information are excluded. 
_ > Only topic based related MCQs, Short and Long Questions and numerical are included, 


a ene a 
GUESS PAPER & MODEL PAPER # 


BASED ON Unit # 18 (Reduced Syllabus) 


ATOMIC AND NUCLEAR PHYSICS 


ECTION-A 
Time allowed: 20 Mimutes ” Marks: 13 
Note: Section-A Is compulsory. Ail parts of this section are to be answered on the question paper itself. 
It should be completed in the first 20 minutes and handed over to the Centre Superintendent. 
Deleting ‘overwriting is not allowed. Do not use lead 


Q.1 = Encircle the correct option i.e. A/B/C D. All parts carry equal marks, 
F Isotopes are atoms of same element with different 


A.’ — atomic mass B. atomic number 
C. Number of protons D, number of electrons 
(i, One of the isotopes of uranium is *3fU. The number of neutrons In this isotope Is 
— A 82 B.. 146 C. 238 D 830 
li, Which among the following radiations has more penetrating power? 
A. Abeta particle B. agarmma ray 
€. An alpha particle D. All have-the same penetrating ability 
lv. What happens to the atomic number of an element which emits one alpha particle and.a 
beta particie? 
A. Increases by 1 B. stays the same 
C. Decreases by 2 . D. decreases by 4 
vy. The half-life of a certain cee eine . What is the quantity of the isotope after 2 days? 
A. — One half B. onequarter ©. one eighth D.  noneofthese - 
vii When Uranium (92 protons). ejects a beta particle, how many protons are ‘left In the 
remaining nucleus? 
A 92 protons ~—siB.. Q1protons CC. protons — D. 89 protons 
vil. Release of energy by the Sun is due to 
A. Nuclear fission B. nuclear fusion 
C, Burning of gases D. _- chemical reaction 


vill, When a heavy nucleus splits Into two lighter nuclei, the process would — 
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The reason carbon-dating works is that 
A. Plants and animals are such strong emitters of carbon-14 
B. After a plant or animal dies, it stops taking in fresh carbon-14 
C, — There is so much non-radioactive carbon dioxide in the air 
D. . When a plant or an animal cies. 
x. Gamma rays are also called: 
A. photons B. electrons €. — protons D. _—_— positrons 


xi. | Charge on alpha particle is 
A, 26 B. de C. 4e D. 5e 
xii. Radium -226 has a half life of ; : . 
A 1820years B. 1920years C. 1620 years 0. 2600 years . 
Time Alowed: 2:40 Migutes | i 


Note: Answer any six parts from Section 'B' end attempt any five parts from Section-C. Aftempt airy two : 
questions from Section ‘D’ on the separately provided answer book. Use supplementary answer sheet Le. 
Shest-8 If required. Write your answers neatly and legid 


SECTION — B (Marks 18) 


Q2 Attempt any SIX parts from the following. All parts carry equal marks,  . (6x32 18). 


l. What Is difference between atomic number and atomic mass number? Give symbotical 
representation of a nuclide. = -_ rr ae _ 

H. | What do you mean by the term radioactivity? Why some elements are radioactive but 
some are not? 


lil, Row can you make radioactive elements artificially? Describe with a suitable example. 

lv. What are the three basic radioactive decay processes and how do they differ from. each 

v. Write the alpha decay process for *34p,. Identify the parent and daughter nuclei this decay. 

vi. Explain whether the atomic number can increase during nuclear decay. Support your 
answer with an example. “ e 

vii, Is radioactivity a spontaneous process? Elaborate your answer with a simple experiment. 

vill, What is meant by background radiations? Enlist some sources of background radiations. 


SECTION — C (Marks 15) 

Q.3 Attempt any FIVE parts from the following. All parts carry equal marks. (5x 3 = 15) 
i. Describe two uses of radlolsotopes in medicine, industry or research? 
4, What are two common radiation hazards? Briefly describe the precautions that are taken 
against them, . : 

lit, Complete this nuclear reaction: "$30 — ‘x +74 24n. Does this reaction. involve 

. fission or fusion? Justify your answer. 
fv. Nuclear fusion reaction is more reliable and sustainable source of energy than nuclear 
fission chain reaction. Justify this statement with plausible arguments. 
¥. A nitrogen nuclide ‘$N? Decays to become an oxygen nuclide by emitting an electron. 


Show this process with an equation. 7 

vi, Determine which of these radioactive decay processes are possible: 
A. ipo —> 4po + tHe B = 738 Th —> 726pa + He 
C Bra —> Bu 2 a en 


vil. Ist possible for an element to have different types of atoms? Explain. 


b. = The half-life of ‘$v is 7.3 s. A sample of this nuclide of nitrogen is observed for 29.2s. 


Calculate the fraction of the original radioactive isotope remaining after this time, 
Q.5 a. Describe briefly the processes of fission reaction. 
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SECTION — B (Marks 18) 


Q.2 Attempt any SIX parts from the foflowing. All parts carry equal marks, (6 x 3 = 18) 

I. What fs difference between atomic number and atomic mass number? Give symbolical 
representation of a nuclide. 

Ans: Difference between Atomic Number and Atomic Mass Number: 

Atomic Number: 


The number of protons in a nucleus is called the charge number or Atomic number and is denoted by 
the letter Z. Similarly the number of neutrons in the nucleus is denoted by the letter N, 


Atomic Mass Number: . 

Tha total number of protons and neutrons in the nucleus is called the Atomic Mass Number and is 
denoted by the letter A. A=Z+N. 
Nuclide: 

f atomic number of an atom is Z and its Atomic Mass Number is 4 then this atom is represented by the 
symbo! 3X which is called a nuclide. 


Symbolical Representation of a Nuclide: 


Generally an atom is represented by the symbol 4x. For example, nuclide of hydrogen atom having 
only one proton is 1H, 


ii, | What do you mean by the term radioactivity? Why some elements are radioactive but 
some.are not? 
Ans: Natural Radioactivity: 

The spontaneous emission of radiation by unstable nucioi is calfed natural radioactivity, and the 
elements which emit such radiations are called radioactive elements. 

In 1896, Becquere! accidentally discovered that uranium salt crystals emit an invisible radiation that can 
darken a phatographic plate, He also observed that the radiation had the ability to onize a gas. Subsequent 
experiments by other scientists showed that other substances aise emitted radiations. 

The most significant investigations of this type were conducted by Marie Curie and her husband Pierre, 


en nae te 
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‘Some elements are radioactive but some are not: 
Some isotopes are stable, but others are radioactive. An isotope will be radioactive Hf its nuciei are, 

unstable. Large atomic nuclei, with more than 83 protons and their associated complement of neutrons, are” 

inherently unstable. Uranium and. phdonium are examples of such elements. 

ii, How can you make radioactive elements artificially? Describe with a suitable example. 

Ans: Radioactivity is artticially induced through the bombarding atoms of a sill element by radiating 

particles, rus creating new atoms existing from another type of element. 


i, 260 — "2hn + jHe + Energy 
Radium ’ Radon a-particle 
i. 44e —+ Nn 0+ Ye 6+ «Energy 


Carbon Nirogen _  P-particle 
il. $co* Sco + fy + Energy - 

Cobat - Gobat = y-rays 
iy. ‘What are the three basic radioactive decay scale ts arhac erucabet ad 
Ans: See Q3. (a), Past FBISE Paper (2018), P Page # 103. 
ve - Write the alpha decay process for “3fp,. Identify the parent and daughter nude this decay. 
Ans: See Q2. (ix), Past FBISE Paper (2019), Page # 128. 
vi. Explain whether the atomic number can Increase during nuclear decay. Support your ~ 

answer with an example. 
Ans: Beta {f)-decay: 

’ Yes, in beta ean decay, the parent nuclide has its proton number Z increased by 9 but its mass . 

number or nucieon number A remains unchanged. 


General Equation: 
:  — 7f¥ + fe + Energy 
Parent Daughter f-particle 
“nucide =.= nuclide 
Example: Mo — ny + Se + Energy . ae 


‘Carbon Nitrogen  8-particle 
vil. Is radioactivity a spontaneous process? Elaborate your answer with a peer experiment. 
Ans: The spontaneous procass is something that occurs.naturally and without the aid of outside energy. 
Yes, radioactive decay Is an example of a spontaneous process as the rate of decay Is unafiecied by 
external environment factors such as temperature or pressure. 
Experiment: 

In 1896, Becquerel accidentally discovered that uraniun salt crystals emit an invisible radiation that can” 
darken a photographic plate. He also observed that the radiation had the ability to ionize a gas. ‘Subsequent 
experiments by other scientists showed that other substances also emitted radiations. 

Resutt: Therefore radioactivity ig a spontaneous process because it occurs naturally and without the ak 
of oltside energy. 

vill. What ls meant by background radiations? Enlist some e sources of background radiations. 

Ans: Background Radiations: 

Radiations present in atmosphere due to different radioactive substances are called background : 
radiations. 

Sources of Background Radlations: 

Everywhere in rocks, soil, water, and air of our planet are traces of radioactive elements. This natural . 
radioactivity is called the. background radiation. It # as much part of our environment as sunshine and rain. 
Fortunately, our Godies can tolerate it, Only places where radiation is very high can be j injurious to health. 
Cosmic Radation: 

The Earth, and all living ‘things on it also receive radiation from outer space. This radiation f is called: 
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An unstable subatomic particle of the same class as an electron (a lepton), but with a mass around 200 
times greater. Muons make-up much of the cosmic radiation reaching the earth's surface. 


SECTION ~ C (M 1 


Q.3 Attempt any FIVE parts from the following. Ail parts carry equal marks, (5x3=15) 
i, Describe two uses of radioisotopes in medicine, industry or research? 
Ans: Uses of Radiolsotopes: 
Radioisotopes are frequently used in medicine, industry and agriculture for variety of useful purposes. 
Following are few applications of radioisotopes in different fiekis. 
Uses of Radioisotopes in Medicine: 
Tracers: , 
Radioactive tracers are chemical compounds containing some quantity of radioisctope. They can be 
used to expiore the metabolism of chemical reactions inside the human body, animal or plant. Radtoisotopes 
are used as tracers in medicine, industry and agriculture. 

For example, radio lodine-131 readily accumulates in the thyroid gland and can be used for the 
monitoring of thyroid functioning. 

For the diagnosis of brain tumor phosphorous-32 is used. The malignant part of the body absorbs 
more quantity of isotopes, and this helps in tracing the affected part of the body. 

. Uses of Radioisotopes in Industry: 

In industry tracers can be used to locate the wear and tear of the moving parts of the machinery. 

They can be used for the location of leaks in underground pipes. By introducing a suitable radioactive 
tracer into the pipe, the leak can be conveniently traced from higher activity in the region of crack in the pipe. ' 

In agriculture radio phosphorous-32 is used as a tracer to find out how well the plants are aeaaiad) the 
phosphate fertiizer which are crucial to their growth. . 
ii, | What are two common radiation hazards? Briefly describe the precautions that are taken 

against them. 

Ans: Hazards of Radiations: 

Some of the harmful effects on human beings due to large doses, or profonged, small dosas of 

radiations are: 

i, Radiation bums, mainly due to beta and gamma radiations, = may cause radness and sore son the 
skin. 

li, Sterility (1.e. inability to produce chikiren). 

lil. _ Genetic mutations in Soth human and plants. Some children are bom with serious deformities, 

fy. Leukemia (cancer of the bicod cells). 

¥. _ Blindness or formation of cataract in the eye. 

Safety Measures/ Precautions: 
Because we cannot detect radiations directly, we should strictly follow safety precautions, even when 
the radisactive sources are very weak. - 

i. The sources should only be handled with tongs and forceps. 

ii, The user should use rubber gloves and hands should be washed. carefully iar the experiment. 

iif, All radioactive sources should be stored in thick lead containers. 

iv. Never point a radioactive source towards a person. 

Ws Frequent visits to the radiation sensitive areas should be avoided. 


iii. Complete this nuclear reaction; | 7380 —> ‘Sx +74 2}n. 
Does this reaction involve fission or fusion? Justify your answer, 
Ans: *33u — > ‘Hxe + Ysr + 2jn + Energy ‘ 
Uranium Xenon Strontium © Neutron : 
itis the fission reaction because in this process heavy nucteus (°3$1) breaks into two nearly equal parts 
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iv.’ Nuclear fusion reaction is more reliable and sustainable source of energy than nuclear | 
fission chain reaction. Justify this statement with plausible arguments. 
Ans: Fusion has potential advantages as a safe, sustainable (able to be maintained af a certain rate or fevel) 
and environmentally attractive source of snergy for electricity generation. 
» No runaway reactions or large uncontrolled releases of energy are possible. There is no chemical 
combustion products in a fusion reaction, and therefore no contribution to atmospheric or water 
pollution. 
» No long lived radioactive materials are produced. 
» Fusion is appropriate for generating base-load electricity and producing hydrogen in a sustainabie, 
CO.-free energy mix. 
Therefore nuclear fusion reacti on is more reliable and sustainable soucce of energy than nuciear fission 
chain reaction. 
v.  Anitrogen nuclide 45N? Decays to become an oxygen nuctide by emitting an wane 
- Show this process with an equation. 
Ans: by —, Wo + te + Energy 
Nirogen Oxygen p-particle | 


’ yi, Determine which of these radioactive decay processes are possible: 

A o4tPp — 4tPo + fHe Ba 30 Th — Hora + tHe 
Cc ip, — tity +: 3B D. ay z¢ or 1*N a 16 ; 

Ans: A. Titpg — itp + “the 
The proton number or atomic number Z of the parent nuclide does not change. Also ite mass number of 

- nudeon number A remains unchanged, Therefore radioactive decay — is not possible. 

B; 86739 th — 728na + He 
ti is alpha decry because the proton number or atomic number Z of the parent nuclide reduces by 2 - 
and #8 mass number or nucikon number A decreases by 4. Therefore radicactive decay Bocas i 
possinie. 

c pa — $8 : 

Ii is beta a sill because the parent nuclide has its proton number Z increased by 1 but is mass 
number or nucison rurnber A remains unchanged. Therefore radioactive decay process is possible. 

D. 12 eC —_.» 14 4N i $8 
The proton number or atomic number Z of the parent. nuclide increased by 2 which is rat possible. 
Therefore radioactive decay process is not possible. 

vii, Is t possible for an element to have different types of atoms? Explain. 

Ans: Yes, it #8 possible and it is caled Isotopes. In Isotopes the number of neutrons is different but number of 

protons and electrons remain same of a particular atom. Hence’ atomic number remains same. but 

atomic number changes and new atoms form, Like Hydrogen have 3 Isotopes. 


SECTION — D (Marks 20) 


Note: Attempt any two questions. All questions carry equal marks. @ x 10 = 20) 
Q.4 a. Whatdo you understand by half-tfe of a radioactive element? 
Ans: See Q5. {a}, Past FBISE Paper (2019), Page # 131. 
b. The half-life of ‘$4 Is 7.3 s. A sample of this nuclide of nitrogen is observed for 29,23... 
Calculate the fraction of the original radioactive isotope remaining after this time. 
Solution: dHalflifeof $N=7.35 ; Time observed = t = 29.2 ) 
Remaining fraction of original radioactive isotope =? 


29,2 


Number of Half Lives for sample = aa 4 


if Nols a orignal fraction then after 4 half lives: 
Ramaininga siome = Criainal atams x 1/2! 
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Hence == thot of the original sample wil be left. 


05 a Describe bilatiy the Groceisese of fiediw ieaction 
Ans: See Q5. (a), Past FBISE Paper (2014), Page # 98. 
b.  Carbon-14 has a half-life of 5730 years. How long will t take for the quantity of carbon- 14° 
In 2 sample to drop to one-eighth of the initial quantity? i. 
Solution: Half life of Carbon-14 is T, 2 = 5730 years. , 
N 1 N 23 Es i 


— a — > — -_- = 


No 8 No 2 8 -2t 
2=8= as B= t= 3 
Sample will drop to one-eighth 6 th) of the initial quantity in mene hat lives. 
Time for firat half life 1,2 = 5730 years. 
Time for 2™ half life 2 T,,. = 2 x 5730 = 11460 years. 
Time for 3” half tife 3 7,2 = 3 X $730 = 17190 years = 1.72 x 10* years 


1 - 
_ Hence ; th of the original sample will be left after the 1.72 x 10* years. 


Q.6 a. Describe briefly the processes of fusion. What is the source of solar energy. - 
Ans: Nuclear Fusion: 

A process in which two light nuclei diffuse to form e heavier nucleus with release of enormous amount 
of anergy is called fusion reaction. 

The mass of the final nucleus is always less than the masaes of the origina nuclei. According to mass- 
energy relation (F = mec”) this loss of mass converts into energy. 
Reaction during Fusion: 

Ht an atom of Deuterium is fused with an atom of oars then a Helium nucleus or sioha article is 


formed as givan by’ 2H + iH — ‘He +} qn + energy 


Source of Solar Energy: . 
Energy coming from the Sun and stars is siegoeed to be the result of fusion of hydrogen nuclei into 

Helium nucleus with reiease af energy. The temperature at the cantre of the Sun is nearly 20 million-Kelvin 

which makes the fusion favorable. According to this reaction four hydrogen nuclei fuse together fo form a 

helium nucleus along with two positrons, three alpha particles, and 25.7MeVofenergy. . - 

b.  Cobait-60 Is a radioactive element with half-life of 5.25 years. What fraction of the original 
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Qi. Technetium-99 m is @ radioactive element and Is used to diagnose brain, thyroid, liver.and 
kidney diseases. This element has half-life of 6 hours. If there is 200 mg of this technetium 
present, how much will be left in 36 hours. | 
Solution: Half Life of Technetlum - 99m = 6 hours 
Given amount of Technettum — 99 m = 200 mg ; Amount left meee 36 pesca =? 
Remaining amount = Original amount x 1/2' or AW = Nyx 1/2! 
ny =200%128=9 N= 22 = 3.125 mg | 
Q2. Half-life of a radioactive element is 10 minutes. If the initial count rate Is 368 counts per 
minute, find the time for which count rates reaches 23 counts per = 
Solution: —_ Half life of radioactive element =T,,. = 10 mins. 
initial Count rate = 368 counts per minute; Final count rate = 23counts per minute ; Time taken = ?- 
The initial count rate is 368, therefore, 
10min, 368 | 10min 184- _° 10mm 92 ‘10min: 46 
§ ——5 -— = eg eg ae ee ree 
Therefore this process takes 4 halt-lives. ‘ 
Time taken = Number of half pe % duration of haiflife .. 
Time taken = 4 X Ty). ; Time taken=4 x10 ; Time taken = 40 minutes 
Q3. Ashes from a campfire deep in a cave show carbon-14 activity of only one-eighth ” 
activity of fresh wood. How long ago was that campfire made? 


Solution: — Activity of C- 14 from ashes = sth ; Half life of C-14=T,,. = 5730-years ; Time=t=? 


Since activity of C-14 from ashes is 1th of fresh wood, hence 3 half-lives have been elapsed - 


during this period therefore 
Time = number of half - lives xTyp, > ie 3 x5730 = = 17190 years. 

Q4. What nuclear reaction would release more energy, the fission reaction or the fusion 
reaction? Explain. 

Ans: Fusion reaction release more energy than fission. The energy per nucleon is much greater in.fuaion 
than in fission. 

It has been estimated that in thia p-p chain reaction (proten-proten chain rection), 25.7 MeV energy is 
given out Le., 6.4 MeV per nucleon energy is obtained which is much greater than the energy given out 
per nucleon (1 Me) during a fission reaction. 

Q5. Which has more penetrating power, alpha particle or gamma ray photon? 

Ans: Alpha particle has the least penetrating power, bata is next and Gamma has.most penetrating power. © 
Gamma ray is charge less and massless photon that's why they have more penetrating power than: 
alpha particle which have charge and mass and interact with matter so have ‘ess panetrating power. 

Q6. What is the difference between natural and artificial radioactivity? 

Ans: in natural radioactivity and atomic nuclei want to became stable that’s why they emit some radiations 
and such atoms are called radioactive and ihe process is called natural radioactivity. 
in artificial radioactivity the atomic nuclei which are not excited but we excite them by bombarding 
neutrons or protons and after excitation of nuclei the atom become radioactive and emit radiation Gis be is 
called artificial radioactivity. 

07. . How long would you lkely have to wait to watch any sampie of radioactive atoms 
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Q8. Which type of natural radioactivity leaves the number of protons and the number of — 
neutrons in the nucteus unchanged? 
Ans: If gamma ray emit from the excited nucleus then only energy of the nucleus releases, but atomic 
numberand atomic mass remain same. 
4xy* —+ 4X + ¥ 
Parent Daughter y-particie 
nuctide nuclide 
Example: - * ve 
7 @cot —» Seo + dy + Energy 
Cobaitt Cobalt y-rays 
Q9. Tritium 3H Is radioactive isotope of hydrogen. It decays by emitting an electron. What Is 
ere nuceus? ; 
Ans: . ix— 74¥ + te + Energy 


tH —> 3H + fe + Energy 
rveie 


Q10, What Information about the structure of the nitrogen atom can be. obtained from its. 
- nudide{n? In what way atom in '5W is different from the atom in‘$n? . 
Ans: The nuclide “4N is one of the isotopes of nitrogen atom. It has 7 protons, 7 electrons and 7 neutrons. 
Whereas 16 isotope has two extra neutrons in its nucleus as its atomic mage number increases by 2. - 


Q11. What do you understand by nuclear transmutations? 
Ans: Nuclear Transmutations: 
During natural radioactivity an unstable nucleus of radioactive element disintegrates to become more 
stable, 
The spontaneous process in which a parent unsteble nuclide hanges into a more stable 
daughter nuctide with the admission of radiations is cailed nuciear transmutation, —— 


Q12, Describe the Characteristic of three types of Radiations. 
Ans: Characteristic of three types of Radiations. 
Aipha (a) Particles: 
Positively charged particles (helium nuclei) ejected at high speed with a range of only a few centimetres 
in air. They can be stopped by an ordinary sheet of thin aluminium foil. 
Beta (8) Particles: 
Streams of high-energy electrons ejected at various speeds as high as close to the speed 6f light. Beta 
particles may be able to penetrate several millimetres of aluminium. 
Gamma (y) Rays: 
Electromagnetic radiation of very short wavelength. Ther wavelengths and energies can vary. High- 
energy garni rays Can penetrate at least 30 cm of lead or 2 km of air. 


ae 


